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PREFACE 


Tus need for a text book reflecting the 
modern trends and impacts of affiliated subjects 
and the interdisciplinary approach to biology 
has long been keenly felt with the introduction of 
new syllabus +2 course. However, the primary 
intention of such a book would be to reflect 
the spirit of the syllabus of the H. S. Council of 
West Bengal in simple, meaningful and useful 
way. 

The book has been designed to provide the 
basic needs in an integrated manner of a student 
of +2 course. This book will also be helpful 
to students intending to prosecute higher study 
in biological sciences, particularly in degree 
course, agriculture, veterenary and other 
specialised branches. Besides, it is a known 
fact that students having Biological science as 
a combination subject usually sit for Joint 
Entrance Examination for admission to medical 
course. Hence, the book has been written with 
a special bias to J. E. E., so much so, that this 
single treaty may be deemed as sufficient to, 
answer all the possible questions including those 
of previous years. In doing so, we have always 
been aware that no additional burden should 
be put to the H.S. Examinees and for the 
purpose, we have largely used small types (in 
8-point) and "Additional discussions for 
advance students” note for those not required 
for H. S. Examinees. The volume will also 
serve the purpose. of those intending to 
appear in Joint-Entrance Examinations , con- 
ducted by the different states of India, as also 
for general students appearing in H. ME 
Examinations. 
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The first volume of the book deals with the 
general principles of biology that reflects an 


understanding that plants and animals (including 
man) are being guided and governed by the 


| 


same biological principles, Further, it reveals | 


that any damage to one component disturbs the 
entire balance of nature. We have tried to 
offer a thorough treatment of plant and animal 
organisms with an effort to strike a fair balance 
between them. We believe, a real foundation 
must be laid for a sturdy edifice of knowledge. 


We have not glorified the physiological 
aspect at the expense of morphology, instead 
in this text morphology and physiology comple- 
ment each other, although efforts have been 
made to offer a first-hand knowledge of molecular 
biology to the beginners, Special emphasis has 
been laid in understanding the fundamentals of 
Cytology and Genetics in relation to heredity. 


"In analysis, ‘selection and presentation of 
Subject matter we lean on our experience.as 
teachers in Zoology, Botany and’ Physiology 
respectively and we bear in mind the difficulties 

. felt by our students in learning through an alien 
tongue. As such, we have tried to clarify facts 
in a language intelligible togeneral students. 


Biological terms are stumbling blocks to | 


beginners. We have tried to explain those terms 
with reference to their derivative meanings. 


This text is not a ‘do-it-yourself’ kit. In 
fact, we have tried to present the subject matter 
in as far as practicable, lucid, simple and under- 
standable manner, through numerous relevant 
diagrams and charts and coloured plates. Still, 
a real teacher will surely be necessary to inspire 
the students to a real understanding of what 


ETE Eg 
lives around him, of how itlives, of himself as 
a living being. 

We are aware of the modern trends of the 

study of biology and have tried to incorporate 
newer facts within the limitations of the curri- 
culum. As such, this text is a compromise, yet 
a turn-over to modern complexity. 
—We thank our publisher Sri P. C. Bhowal 
for not only inducing us to write a book of 
this nature, but also steering it so efficiently 
through the press in these days of acute paper 
crisis and power shortage. 

In writing this book, we have freely consul- 

ted other standard books on various biological 
Subjects written by various Indian and foreign 
authors. We express our indebtedness to those 
authors and publishers. We are thankful to 
Sri Chanchal Bhowal, the illustrious son of 
the publisher and Sri Chandan Chakraborty, 
the production-incharge of the firm, for their 
| sincere help in production of the book. We 
also acknowledge the kind help rendered 
by Sri Amal Dasgupta and Sri Prabir 
| Karmakar in drawing the various diagrams of 
| the book. 
We are thankful to our fellow teachers who 
| urged upon writing this volume and helped us 
| through their valued counsel in the preparation 
of the book. 

We shall feel amply rewarded if the book is 
| deemed to be helpful to the students for whom 
| the book has been written. We welcome 

contructive criticism of this book, suggested 
improvements and general correspondence 
related to topics. 


15th August, 1987. Salilkumar Chaudhuri 
Calcutta, Tarapada Chattopadhyay 
Prasantakumar Bardhan 
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PAPER I (Marks —80) 
1. Biological Sciences—Introduction. 
2, Cell structure :— 

(a) Prokaryotic cell: Definition and examples—Bacterium & 
Blue-green alga. 

(b) Eukaryotic cell : Definition and examples—Plant cell and 
animal cell ; Structure in outline and functions (in brief) of 
the following—cell wall and cell-membrane, cytoplasm, 
vacuoles, membrane-bound organelles j.e., nucleus, ribozomes, 
plastids and golgi bodies. Mention only —endoplasmic reticu- 
lum, mitochondria, lysozome, centriole and mic ro-tubules. 
Ergastic substances—starch grains, glycogen, fat droplets, 
zymogen grains. 

(e) Differences between Prokaryotic and Eukaryotic cells ; 
mention only, (i) plastids, (ii) nuclear membrane and, 
(iii) chromosome, 
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(d) Functions : diffusion, water and ion absorption (mechanism 
of ion absorption is not required). 


3.(a) Structure of chromosome—mentioning chromatids, centro- 
mere, matrix, gene, chemical nature of DNA & RNA (detailed 
structure and chemical composition not required). 


(b) Cell division : examples— plant and animal cell. 


- G) 
(ii) 
(iii) 


Amitosis 

Mitosis and its significance 

Meiosis (outline idea about stages and sub-stages) and its 
significance, 


4. Tissue: General idea about tissues in plants and animals 


outline only, 


(a) Plant titsues—occurrence, functions and classifications— 


(b) 


meristematic and permanent, simple and complex. 


Animal tissues—occurrence, functions and outline idea 
of epithelial, connective, muscular, nervous and secretory 
tissue, : 

Blood asa fluid connective tissue : (mention only) ; its 


components— plasma, types of blood cells, hemoglobin 
& hemocyanin, 


D. Elementary idea about life processes, 


A. 


B. 


Transpiration ; Definition, factors (mention only); one 
simple experiment showing transpiration, 


Photosynthesis : Components— CO, and H,O (with 
their sources), chlorophyll and sunlight : mechanism— 
outline of light and dark reactiong j brief idea of entrapp- 
ing of Solar energy by chloroplasts (names of enzymes 
Not required) ; significance of Photosynthesis, 


Processes, mentioning Tespective énd Products) ; Glyco- 
aa mention—hexose-trioge-pyruvic acid—acetyl CoA— 
Kreb’s cycle (mention Only Cos, H,O and release of 
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Nutrition : (a)  Autotrophic-definition, sources of raw 
materials, macro and micro-nutrients (mention only). 

(b) Heterotrophic-definition, types and sources of food— 
Carbohydrate, Protein, Fats and oils, vitamins and minerals. 
(Details and chemical composition not required). Significance 
of nutrition. 

Circulation: Principles of circulation in plants and amimals 
(details not required) ; structures concerned (mention only). 
Excretion: Principles of excretion in plants and animals— 
mention excretory products of plants and animals, 

. Growth: Definition, factors controlling growth in plants 
and animals ; (mention only)— differences between growth of 
plants and animals. 


Movement: Types of movement. 
(a) Movement in plants— 
(i) Tactic :—chemo. —and‘thermo. —; 
(ii) Tropic :—photo—, geo. —and hydro. — 
(iii) Nastic :—scismo, —and nycti, — 
(&) Movement in animals— 
(i) Terrestrial—man (Bipedal locomotion only) 
(ii) - Aquatic—fish, 
(iii) Aerial—pigeon 
I (Structure and mechanism not required) 
Reproduction: Asexual and sexual— differences only } units 
of sexual reproduction ; iso—, aniso—and oo-gamous types ; 
outline fof the proccss of fertilisation—union of gametes 
leading to zygote formation, General idea about alternation 
of generations. (outline only. Mention one example in plant 
and one in animal, 
Hormones: Definition : 
(a) Plant hormones: auxine—role in growth, phototropic 
and geotropic movements ; role in agriculture (mention 
Indol acetic acid, chemical formula not required). 
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(b Animal hormones :—position of glands— pituitary, 
thyroid, parathyroid, adrenal, testis and ovary. 
Pituitary —ACTH, STH, TSH, CTH & ADH. 
Thyroid—Thyroxin 
Adrenal—Adrenalin 
Testis—Androgen 
Ovary—Oestrogen 
(Mention respective functions } histology of glands and 
chemical composition of hormones not required.) 
7. Heredity: Definition, Mendel’s experiment, mono-hybrid 
and dihybrid cross (cite one example from plant and one 
from animal) ; Mendel's law. 


8. Evolution! Definition, evidences— morpholological, paleon- 
tological (mention only Arohzopteryx) and embryological 
(ontogensis not required.) 

(Evidences in outline only) 
Theories of Darwin, Lamarck & de Vries (In brief), 


9. Taxonomy: Brief idea about Principle and basis of classi- 
fication, Binomial nomenclature. 


10. (a) Eco-system : Explanation ; General idea about food 
chain and energy flow, 

(b) Conservation definition y Conservation of soil, water, 

forest and animals (cxample—Rhinocerog in West Bengal). 


( Pollution—in reference to human being (Mention air 
water and noise), 
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It) Introduction : 

Biology is the science that deals with all living things in- 
cluding ourselves. The term Biology* was coined by Lamarck 
(Fig. 1.1) in 1801 from two Greek words (Gr. Bios=life, logos = 
discourse) meaning and embodying all discussions relating to 
life. Life is manifested all around us ; we ourselves are strikingly 
alive. The amazing variety of plants and animals inhabiting the 
earth at present and those that have died out through the past 
ages is simply bewildering. But, what isto be alive? What is 
our relation to other living things? Is there any basic cord of 
unity that runs through.all of them? Whence did we and our race 
come, whither do we go? These and all kindred questions which 
centre about this theme of life are of keenest interest to man, since 
we come on earth. Hence, interest in biological subjects, however, 
is much older than other experimental sciences. 

Man has followed various routes in trying to understand life 
and living organisms. Much of biological knowledge of a fundamen- 
tal kind originated in man’s search for food and for ways to conquer 
illness. The untiring efforts of the scientists through centuries 
are directed to break through the wall of mystery surrounding life 
and to decipher the riddle which lies beyond. } 

In fact, living world solve the riddle of life every day ina 
practical way when it transmute food into the living substance 
of their own bodies. Objectively, the aim is to discover how and in 


* Lamarck & Treviranus (1802), 
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which precise way dead food stuffs are transformed into living 
plant or animal substance. 


1:2. Definition : 


The science which deals with the study of man and other 
organisms as also the various phenomena associated with life 
is known as Biology. 


l'3. Biology as a science : 


The word ‘science’ is derived from the latin word scientia, 
meaning knowledge. Science as currently defined is made up of 
bodies of knowledge about natural world 
and of ourselves as a part of nature. Science 
is the knowledge, which is derived from 
tested and verified - human experience. 
The scientist has to observe and record, 
as correctly as possible, the process 
relating to any. particular subject. . The 
real state of things or facts are the raw 

E; - "materials of science, as opposed to 

Fig. 1.1—Lamarck popular belief. Each of these facts is 
systematically organised and derived entirely from observation 
and experimentation. Scientific knowledge in principle and often. 
in fact, allows us to predict specific events and their control. 


Moreover, it is open to verification by others throu 
of the actual work. 


gh repetition 


Perhaps, the most important working principle of Biology as a. 
science is to establish the conviction that livi 
the laws of. Physics and Chemistry. Further 
outthe unifying principle that exists amo 
having morphological and functional inequality. Therefore 
modern Biology seeks to correlate the functional aspects of the 
individual through a Physiological and biochemi 
standing of their nature, : duas eee 


ng organisms obey 
» it attempts to find 
ng diverse organisms 
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1*4. Biology—its twin branch: 


The living world comprises of plants and animals mainly, 
hence it is convenient to divide Biology into twin branches— 
one comprising of plants, known as Botany (botane—herb) 
and another concerning animals, known as Zoology ( Zoon— 
animal) This is more a matter of convenience than of absolute 
distinction, since all of the fundamental properties of living 
substance are common to both plants and animals. The term 
animal biology and zoology or botany in their widest significance 
are even practically synonymous. 


l'5. Life—Can we define it ? 

Aristotle (384 —322 B.C.), the great Greek philosopher, was the 
first to recognise plants and animals as living objects, but he failed 
to find a precise definition for life. The vital force that keeps the 
organism living, is life. It has 
probably no synonym. In fact, 
life is abstract. Life is inseparable 
from the organism itself, and fails 
to exist outside the living body. 
| Hence, it is futile to attempt to 
| define life. How life has come 
into existence on this earth ? What 
was the nature and characteristic 
of life at the time of its origin ? 
Human mind has variously argued 
to find out the answer, since the 
inception of its civilisation. Still, 
since Aristotle (Fig. 1.2) none has 
been able to try to give a precise Fig. 1.2—Aristotle 
definition of life. But, we all know that the activity of life is the 
expression of life and that is why we often use the term ‘lively’ 
to denote its activity. 

Life is embodied in living organism. It is often compared 
with the flame of a burning candle. The energy for such burning 
remains stored in the candle substance itself. The chemical 
phenomenon of burning or oxidation involves a rise of temperature 
in the surrounding medium. Heated particles are dispersed into 
violent vibrations which is manifested in the form of a flame that 


p" 


6 i A TEXT BOOK OF BIOLOGY 


emits heat and light energies. Here, the flame is:inseparable from 
the candle itself, since it persists only as long as the burning of the 
candle continues, Similarly, life persists only. so long as the 
various lively activities of the organism continues. Again, the 
flame is extinguished when the candle-substance supplying.energy 
to it is exhausted. Normally, life also, ceases to exist when 
the stored energy. of the living body is gradually spent up and not 
renewed. Hence, life and lively activities demand a continuous 
expenditure of. energy like the. constant expenditure. of heat and 
light energies of the candle-substance to keep the flame ablaze. In 
fact, it is this energy that affords the power to work. It has two 
States of existence — potentia] is the stored energy that stays in 
Test, and kinetic, the other form is the workable energy for the 
dynamic form. Life, as Such, involves a ceaseless conversion of 
the potential to kinetic form. 


All activities of the living body is the result of the constant 
conversion of the potential or stored energy ofthe body into the 
kinetic one. These activities are known as the characteristics 
of life. 

Life is an energy-enriched substance which acquires energy 
through the activities of a complex bio-chemical substance known 
as Protoplasm which is Provided with a system of self-maintaining 
equilibrium (whose chemical ingredients are spontaneously self- 
renewed) and helps the individual to adapt to the Constantly 
changing environment to maintain a steady State. The biological 
Polymers which is the seat of life are not only efficient in the 


2 


1°6. Life’: its Characteristics : 


A- Composition : Living matter Shows certain Characteristics 
Which mark it off from non-living matter. As stated before, life 
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Organism is transformed. into other types of energy, such as 
motion, light, heat and electricity, 

All living organisms is mainly composed of the living matter, 
known as protoplasm, without this. vital stuff life cannot exist. 
Protoplasm has a complex chemical. composition, namely, it is 
composed of proteins, carbohydrates, and fats and their derivatives 
which are to be eliminated as waste or built into higher com- 
pounds, or as a small number of inorganic materials such as water, 
oxygen and certain other salts. Although, the same kinds of 
chemical compounds compose the living substance of all living 
organisms, nevertheless, each kind of living thing differs from 
every other kind in the specific constitution of its compounds. 
Even when the compounds of different organisms are found to be 
similar, nevertheless,they differ in the way the elements are related 
to one another. Hence, the composition of protoplasm differ in 
different organisms not in constituents, but in their proportion and 
thus attributes to the compositional difference. Chemically, 
protoplasm is a colloidal emulsion: Physically, it isa viscous, 
translucent, jelly-like substance. 

Thus, protoplasm acts as the fundamental basis of life and 
represents as unity of organisation into a definite functioning 
system. 

B. Organisation: Organisation of the living matter is 
another basic characteristic of life. Organised living matter is 
ordinarily manifested in the form of individualized systems, known 
as organisms. The similarity in living things extends beyond 
mere gross similarity of composition and character of protoplasm, 
instead, it exhibits similar fundamental processes. Besides, above 
the limit of smallest living particles, the living matter is always 
organised. into small, microscopic chambers, known as cells. 
Each such minute unit iscomposed of cell-body or cytosome and a 
nucleus. Single-celled organisms are competent enough to perform 
all the vital activities of life. The progressively evolved all animals, 
other than the above mentioned unicellular animals are formed of 
innumerble cells, hence, those are known as multicellular 
organisms. Thus, a cell is both a structural and functional unit 
of the organism. In multicellular organisms cells performing specific 
functions are organised into tissues and combination of different 
tissues meantto accomplish a specific function accurately, is known 
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as an organ. Different organs of an organism combine to form 
a system and finally different systems in an organism behave and 
function in a precisely co-ordinated way to form the whole 
organism. The protoplasm itself serves the essential functions 
of life in theunicellular forms (one-celled organisms), while gradual 
perfection and precision of functions are reached in multicellular 
forms through their complex organisation. 

C. Definite Form and Size : Definite form or size is another 
characteristic of the living organism. Excepting a few 
unicellular organisms (e.g., Amoeba) the shape of every animal 
Or plant is definite. One organism is incapable of assuming 
the form and attending the size of another. They maintain 
normal form and activities in Spite of changes in their surrounding 
environment. Further, an organism is self-regulating and 
maintains its body in any particular physiological state. This 
is known as homeostasis. But the lifeless inanimate objects have 
no definite size or form of their own. Liquids assume different 
Shapes according to the shapes of the containers. A liquid like 
water with the application of heat can be changed into the gaseous 
State, or may be fridged into the solid state and thus, like theliving 
organism, it has no definite form, 

D. Movement and Locomotion : Movement is a characteristic 


other than unicellular, movement is defin 
parts (organs) of the body, while ‘the 


stationary at a point. This act of the indiv; ; 
E ndividu: 
occur in response to a parti F ual is found to 


sally present in all Plants and animals, 
Locomotion, on the other hand, ma 


Obviously, all 
»While all types 
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of movements are not followed by locomotion. Locomotion with a 
few exceptions is present in all animals and serves a variety of pur- 
poses required by animals, while it is found only in a few 
unicellular plants. In higher animals definite and effective 
locomotory organs are present, such as fins of fishes, limbs of 
tetrapods, wings of birds etc. While in unicellular animals 
pseudopodia (Amoeba), cilia (Paramacaeum) and flagella (Euglena) 
are locomotory organelles that serve the purpose of locomotion. 

In plants, locomotion is confined to only some Jower forms as 
algae (Chalmydomonas), where zoospores and antherozoids are 
provided with flagella for locomotion. In Myxomycetes plasmodea 
are provided with pseudopodial movement for locomotion. 

The higher plants are capable of moving only their organs, 
not out of their own, but when induced by only environmental 
stimuli, hence, the type of movement is known as induced move- 
ment, 

E. Metabolism: Since all living matter are resolveable to a 
‘common protoplasmic basis, they have also a similiar mechanism 
of waste and repair. In fact. all living matter is in a state of 
flux, it is continuously breaking down and again building itself up. 
But, each living thing retains its identity as an individual in spite 
of such instability. The replacing substances are in the guise of 
‘food which are changed through the process of digestion into 
simpler units, which in turn are transformed into active proto- 
plasm. This is being done in such a way that they replace such 
‘parts as have broken down and are being discharged as waste. 
Thus, the process of waste and repair is a constant process. 
This is possible because the living matter is capable of 
changing foreign food compounds and transform them 
into its own substance. Further, living matter can draw 
out energy from it. The sumtotal of the biochemical changes 
involved in this twofold process of waste and repair of the 
protoplasm (the living material) is known as metabolism (Gk. 
Metable= meaning change). The constructive phase (repair) is one 
in which food materials are built up into more complex substances 
and the process is known as anabolism, (Gk. Ana =upper, balls= 
throw) while the other phase (waste) is destructive and known 
as catabolism (cata=below, balls=throw). For instance, 
photosynthesis is an anabolic process in which sugar is formed 
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in the cell and potential energy is captivated within br 
sugar molecule. Respiration is a'catabolic process in lich: 
the captivated potential energy is released from the suga 
molecule as kinetic energy with the oxidation of the sugar 
molecule, So, by anabolism protoplasmic ingridients are syn 
thesised from simple. organic materials, while protoplasmic 
materials are broken down into its simple constituents to es 
other. None of the phenomena is independent, instead one is 
complimentary to the other. Án 

Through the continuous process of repair end waste or anabolism 
and catabolism, there are occasions when one exceeds the other ; 
When anabolism takes the upper hand, growth materials are formed 
in excess and through its accumulation growth of the cell vis-a-vis 
of the organism occurs. Inversely, when. catabolism in excess 
of anabolism Occurs, then a derth of living materials occurs and 
if this condition continues unrestricted,, death follows. Infact, 
herein again a balance. is required between the two phenomena, 
because, this balance alone can maintain the characteristics of 
the organism properly. 

F. Nutrition : | Nutrition in its simplest sense means the 
Process of feeding, but really it has a number of successive 
Processes. The plants take in water and minerals from the soil 
and certain | raw materials from the air. This process 
constitutes ingestion. Animals, however, ingest © solid si 
liquid: food. through the mouth. The process of ingestion is 
followed by the process of digestion. During digestion both 
animals and plants secrete certain chemical substances known 
as enzymes. These enzymes render the food reddy for the 
subsequent process of absorption “which takes place in celis. 
After absorption, the absorbed food may immediately be used for 
the repair of the Cells or it may be stored up for future use. This 
Process is called assimilation. The entire food ingested may not 
be completely digested, absorbed and assimilated and.a part is 
thrown out and the process is known as egestion, 

G. Secretion : Secretions are complex chemical] 
elaborated by a cell from inside to the outside of i 
membrane and is of a Special function. t 
catabolic process, Probably secretion 
cells, but it is Specialised in gland cells, 


Substances 
ts plasma- 
© the organism. It is a 
is an activity of mest 
Enzymes and hormones 
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are the two important secretory products which take part in vari- 
ous biological reactions and have overall influence on metabolism 
as a whole and controls (and initiates ) development of basic 
characteristics of organisms including reproduction and chemical 
co-ordination. 

Milk in animals and nectar in plants are important examples 
of secretion. 

H. Transportation Living body has an organised self- 
distributory system by means of which various organic, inorganic 
and gaseous substances are conducted throughout the body. No 
substance can be conducted without a fluid medium. In plants 
the transportable materials remain dissolved in water while in 
animals it is carried through gastro-vascular fluid or coelomic fluid, 
but in the higher animals it is blood which acts as the sole 
medium of transport. 

In lowly organised living system transport of substances are 
being done by diffusion through the extracellular spaces that 
remains exposed to the environment. In higher plants, the main. 
conducting system is being constituted by vascular bundles which 
traverse an altitudinal distance along the axis of the body,through 
astraight route; this phenomenon of transportancy is known 
as conduction. On the otherhand, in animals the pathway of 
(distribution of materials through) the flow traverses a course 
encircling the body; this phenomenon ( of circular pathway) 
‘is known as circulation. 


I. Growth: Living organisms have the capacity for growth. 
Growth as stated above. is a result of metabolism and involves 
an increase in volume through the formation of new protoplasm 
with or without cell-division. Growth is defined as a permanent 
increase in size, volume and dry weight ofa living body. When 
living matter changes foodstuff and transform them into its own 
substances, in excess of the amount needed for repair of waste, 
growth occurs. This process of growth in living beings from 
within is known as growth by intussusception. Non-living things. 
which increase in size do so by the addition of materials from 
without. For instance, a crystal in a solution or a running snow 
ball grows larger due to the accumulation of particles of its own: 
unit on the outer surface of the original body. This procés 
(as stated earlier) is known as growth by accretion. 
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J. Respiration: Respiration is a vital metabolic process 
by which oxygen is taken in and carbon di-oxide is given out. 
Activity of organism is entirely dependant on the supply of energy, 
hence, organism (living thing ) must constantly receive energy 
from without. This is being done through intake of potential 
energy stored in organic foodstuff. This is the only source of 
energy of the living body. The stored energy is released through 
oxidation of the foodstuff. The combination of the oxygen 
with oxidizable substances in the living organisms constitutes 
the phenomenon of respiration. So long an organism is living, 
respiration continues. Such oxidation results in setting free of 
carbon di-oxide and water vapour as waste products, which are set 
free in the outer environment. In the process, some energy is 
retained in some energy-rich molecules in the form of ATP. 
Continuous production of CO, in living things is also an evidence 
of life. Even the plant seeds, which apparently appear to be 


dead and inert, continue to give off an appreciable amount of CO, 
-as long as they are living. 


K. Exeretion: Asa result of continuous metabolic processes 
going on in the protoplasm, various types of chemical substances 
are produced which are harmful to the body ; these are commonly 
known as waste produets or exeretory produets. These products 
are formed during oxidation of organic food substances hence, 
itis a catabolic Process. Apart from CO., these products are 


mostly nitrogenous substances , namely, Ammonia, Urea and 
Uric acid. 


The process by which an Organism is relieved of the harmful 
excretory products is known as excretion. 


L. Irritability’ The capacity to respond through 
changes to various exciting agents termed Stimuli is another 
characteristic of living matter, commonly known as irritability. 
Any changed condition of the environment, either external or 
internal serves as the stimulus to. which the organism responds 
or reacts. This act of responding (irritability) to physical cai 
cal and mechanical stimuli, all] taken together constitute the 
behaviour of the Organism, Excitation results ‘either in del 


of the organism asa whole Ori the y. ome of its arts 
m i y P 
h activit of som fi E 


internal 


a - 
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However, the extent of the reaction usually stands in no definite 
proportion to the extent of the stimulus. Further, different 
degrees of stimulus, may mean entirely different types of 
response. The response is commonly useful to the organism, 
and hence adaptive. The snail orany such animal, if disturbed 
by touch, usually withdraws its body within the shell. Here, 
the touch acts as a mechanical stimulus, and the withdrawal of the 
body is the manifestation of irritability. The sensitive plant (5. 
Laj jabati), when touched, closes the leaves. In both the cases, the 
organisms protect themselves from their enemies and hence, it has 
an adaptive value. The sunflower shows a movement of the flower- 
cluster towards the sun which is a response towards the stimulus 
of light. Over and above, the power of responding to external 
stimuli, living matter has the power of automatic movement. This 
is known as automaticism. However, purpose of responding to 
different stimuli is to maintain the steady existence of the 
individual. 

All living protoplasm shows irritability, but in course of 
evolution, in addition to general sensitivity certain cells have 
been specialized in higher animals to take over mainly this func- 
tion in the form of nervous systems. 


M. Adaptation: The fitness of an organism for the environ- 
ment in which it lives and thrives properly is known as adapta- 
tion.. On the other hand, every living thing fits its conditions 
of life, which we term its environment much likea plastic material 
fits at mould. Since, environment is usually not static for great 
periods of time, it is obvious that if living beings are to continue 
to live, they must have the aptitude for readjustment either 
directly or indirectly to changed environment. This aptitude 
or capacity is predominently a characteristic of living matter. 
It is a familiar fact that different types of living organisms 
inhabit different environments ; one living in water, for instance, 
cannot thrieve on land and vice versa, because they are perfectly 
adapted to that particular environment. 


Adaptation develops through various evolutionary mechanisms 
and gradually become established through inheritance. 

Apart from this apparently passive hand-and-glove adaptation 
in terms of its surroundings, many organisms, or even individual 
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parts of an organism often show characteristic capacity for adjust- 
ment to special conditions of life. For instance, the arm of a 
Starfish, or the tail of a lizard if lost or removed is gradually 
restored through new growth, the process known as regeneration, 
Planaria or Hydra when cut into two pieces, instead. of regenera- 
ting the lost part, each half develop into a total indivdual. In 
either case, the significant thing is that living matter can re- 
establish à balance among its parts and activities which tends to 
bring it back toa State of totality. 


N. Reproduction : -One of the main springs of existence of 
living matter is their urge to reproduce, to maintain the existence 
of the race. Life, as any delicate piece of machinery has got wear 


simple type of reproducti 
two daughter cells. But 


reproduction is being met with having Varying degrees of com- 


nly of asexual and sexua] methods. Thus, this 
the reproduction of new 


questions are Connected. with the 
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P. Rhythmicity: Functional rhythm is a basic property of 
living thing, i.e., of protoplasm. All the vital activities of living 
organism follows a rhythmic sequence. The metabolic activities 
connected with the very existence of the organism, like nutrition, 
respiration etc. have a period of. intense activity (active phase) 
followed by a requisite lucid gap (passive phase). This active and 
passive phases rotate cyclically that attributes a distinct rhythm to 
these activities and stands as an outstanding character of living 
matter. f 


Q. Life Cycle, senesence and death : Living organism is mortal 
with à variably limited time-span. The duration of limiting 
existence of the individual is also variable, varying from a few 
hours (firefly) to a few hundreds of years (Banyan tree). 

Life begins with birth, its expression and manifestations become 
evident with growth and it gradually attains maturity when it 
reproduces (new ones) offsprings. The activities of the individual 
gradually comes down after the reproductive period and with the 
run of time, it attains senesence (the period of decreased activity ; 
almost old age) and finally it looses symptoms of life and meets 
death (when characteristics of life disappear). Thus, the individual 
appears with birth from pre-existing living forms (parents) and 
grows and attains maturity — reproduces offsprings — activities 
diminish — senility appears —» finally looses lively characters 
when death occurs. Such is the lifecycleof living organism; 

_ individually life appears and life dwindles out, but flow of life 
continues for ever. À 
1'7. Some Other Characteristics : 

Although we have discussed in outline only some of the outstanding 
Characteristics, from the above it is apparent that queer aré the 
characteristics of the living matter, In addition to the above the following 
subtle adaptations. of the living matter-may be mentioned ; 

(a) Compensatory re-actions; It is a form of self-regulation which 
occurs in a part or more than ore part of an organism when some other part or 
parts become destroyed or inactive, For example, if one kidney of man is 
damaged, the other kidney undergoes compensatory adjustment through which 
it serves the purpose of both the kidneys, mig 

(b) Effective behaviour: The efforts of individual organism brings about 
a sort of internal registration which becomes a sort of experience by which. 
itisled to repeat advantageous one and avoid the harmful one in its future 


actions, 


p" X 
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(c) Self-regulatory tendency: All living. matters are endowed with the 
property of an inherent self-regulatory tendency which enables it to co-relate 
with the environment automatically. 

(d) Individuality: One of the eminent characteristic of living organism 
lies in its very Organisation, in the sense of a Precisely methodical union or 
co-relation of its different parts and various processes into a functional whole, 
This is the very essence of individuality of the living matter and is universally 


present, whether it is a Single individual, a colony or an assembly or a 
society. 


Such is the complexity and characteristic of the living matter 
Which is apparently not possible to confine within the jurisdiction 
of the term 'definition*. Still the following conventional definition ` 
is given for the purpose of convenience. 

18. Definition of life : 

Life is defined as the living state of & Complex organic 
Cellular substance Capable of Srowth, reproduction and 
endowed with evolutionary potential. 

In view of considerations of the above characteristics of 
the living matter, it can be readily distinguished from the non- 
living which is devoid of any such character. But, there are 
certain sub-microscopic minute bodies which stands as a biological 
enigma and cannot be readily identified as non-living or living 
either, these are known as viruses. 
1:9. Virus : 

The viruses lie on the limiting line between the living and 
submicroscopic, antigenic, 
the non-living. Viruses are 
particulate, infectious 
entities endowed with 
genetic continuity and 
mutability and capable of 
entering into, and multi- 
Plying only in specific 
living cells. The question 
aS to whether they are 
ological enigma, It may 


Nucleic acid 


Fig. 1.3—Virus : a biological enigma 
animate or inanimate is still. a bi 
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be mentioned that viruses in the free state seem to be meta- 
bolically inert. 

Viruses cannot be seen through usual light microscope. The 
tobacco necrosis virus, one of the smallest of the kind, is a sphere 
approximately seventeen millimicrons in diameter. 

There are various diseases which are due to viral infections 
both in the plants and in the animals. In the plant kingdom, how- 
ever, they have been recognized only in the flowering plants, such 
as potato, tobacco, Sugarcane, etc. In animals, however, they have 
been observed as the disease-producing agents in insects; man and 
others. 
1°10. Differences between Living and Non-living : 

It has been discussed earlier that there is contrast as regards 
the chemical elements composing living and non-living matter ; 
there is, even,a difference in the types of chemical compounds 
into which the elements are constructed; However, the readily 
recognizable principal differences between living and non-living 
objects are given below in a tabular form : 


Table No. 1.1 
DIFFERENCES BETWEEN LIVING AND NON-LIVING 


Living Non-living 


1. The body of the living is 1, In the non-living, proto- 
formed of protoplasm. Proto- plasm is absent. Cells, are not 
Plasm is regarded as the 'Physi- | found in stones or other no 
Cal basis of life’. The body of | living substances. i 
the organismis formed of oneor 
more protoplasmic units, called 
the cells. The cell is the struc- 
tural, as well as the functional 
unit of the'living body. 

2. Cells of the living body is 2. This functional organisa- 
organised into organs and sys- | tion is nof found. e 
tems in multicellular organisms 
to carry on different functions. 


Bio.-2 | vom-35 bot ; i iivitos 
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3 


Living 

3. Each plant or animal has 
a definite form and size which 
may vary to a little extent 
among themselves, 
/ 4. Living organisms exhibit 
various degrees of movement 
and these movements may even 
be automatic. 
5. Metabolic activities like 
nutrition, respiration, secretion 
of useful substances and excre- 
tion or throwing out of waste 
products are present. 


6. The internal processes 
of the living body is self- 
regulated hence, it is autom- 
atic. 


7. In the living, growth 
takes place from within by 
intussusception i.e.,by addition 
of new living materials formed 
during metabolism. The growth 
of the individual 'is effected by 
the increase of very minute 
particles of active 
from within. 

© 8. The living body is sen- 
3itive and responds to different 
types of stimuli, 

9. A living, body admira- 
bly adapts to its environment. 

10. A rhythm regulates the 
vital activities of a living body, 


materials 


Non-living 


3. Non-living objects 
usually do not have any definite 
form and size. 


4. Inthe non-living, move- 
ment, if observed, is never 
automatic, 


5. Due to the absence of 
protoplasm no metabolic 
activities are possible. 


6. Non-living body, even 
a machine has no innate power 
to manage its activities and 
requires external help and 
management, 

7. Growth takes place by 
accretion, i.e., by addition of 
materials from the outside. A 
stone may grow in size by 
collection of particles from the 
outside, 


8. Sensitive response in 
the true sense is absent. 


9. Adaptation is unknown 
to the non-living. 

10. Non-living matter is 
never rhythmic. 
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Living 
teit 3a. sonos a ceat 
An optimum activity is follo- 
wed by a period of rest. 


1i. The life-period of an 


individual has a limited dura- | 


tion. 
12. Theliving body starts 
with the birth, grows, attains 


Non- living 


11. A non-living | body 
usually has an unlimited dura- 
tion of existence, 

12. Non-living matter 
shows no such phenomena. 


maturity and finally ends in 
death. 

13. Aliving body is capa- 
‘ble of reproducing an individ- 
ual like itself and can heal up 


injury. 


pae 


13. A non-living object has 
no such characteristics. 


Although from the above one can readily distinguish the living 
from the non-living, since they are predominantly different, still 
it is interesting to note that one can not exist without the other. 
Because, they are not only inter-dependent, but also there exists 
a balance between the two in nature. The non-living world 
supply inorganic raw materials from which organic compounds are 
synthesised by the living on the accumulation of which the entire 
metabolic activities of the organism depends. Onthe other hand, 
since all living organisms die out after a limited span of life, their 
dead bodies finally disintegrate in the soil and are acted. upon 
by microbes which finally turn them into inorganic forms. 


ril. 


Most of the living organisms can be assigned to one of the 
two categories of plantsand animals. Since both plants and animals 
areliving organisms having a common ancestry, hence they can- 
not be separated inthe absolute sense of the term. Although higher 
plants can be readily distinguished from the higher animals by 
their obvious differences, there are certain lowly organised, 
particularly unicellular plants and animals that lie at the threshold 
of cell ancestry, have much in common of both plant and animal 
characteristics. For instance, Euglena, and unicellular organisms 


Plants and Animals ; their distinctions : 
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bears chloroplasts like plants and is capable of performing photo- 
synthesis like plants, (autotrophic) while in absence of light it 
can, unlike plants absorb decaying organic matter. Further, it 
has no cell-wall of cellulose and responds to various stimuli like 
animals. The reserve food is paramylum which differs from the 
starch, thé typical plant food. Thus, it presents a mixture of both. 
plant and animal characters. 


However, below we tabulate some. of the pronounced differ- 
ences between plants and animals. 


TABLE No, 1.2 
112 DIFFERENCES BETWEEN PLANTS AND ANIMALS 
Characteristics Exceptions Characteristics Exceptions 


(A) Morphological 


1, Animals have de- [Some animals} 1, Plants have no defi- | Som» lower ` 


finite shape and size. like Amoeba, | nite shapz and size. plants have 


changeshape. definite shapes. 
2. Animal body is un- | Some coelen-| 2. Plant body is!bran- | Some lower 
branched, terates are | ched. , plants are 
branched. not branched. 
3. Animals do not | Some proto-| 3. Plant e lo- i, bac- 
possess chloroplast, zoa (e.g., Vol- rophyll. singer um Vgl iced 
vox, Euglena, parasites. 
etc ) have have no 
chlorophyll. chlorophyll. 
4. Centrosome present. 4, Centrosome absent, 
5. Lysosome present, 5. Lysosome absent 
6. Organs of animal 6, 0 
body are enerall ay Bans "OT plant 
Totes: 8 y ER i generaliy 
(B) Physiological 
solid pes yes I butterfly | 7. Plants absorb. food | Insectivorous- 
FERA in solution (liquid or | plants can 
tat leg. gases), ingest solid 
Tapeworm, LJ food. 
Monocystis, 
etc.) absorb 
liquid food, 
8. Sensitivity is pro- " 
nounced and imet 8. Sensitivity is. weak | Insectivorous 
even on a brief stimulus; poe ia 


plants etc. 
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Characteristics 


9. Animals are unable 
to manufacture their 
own food, hence,obtain 
them from plants or 
other animals, 


10. Growth in animal 
is not localized but 
takes place throughout 
the entire body; it 
stops long before their 
death. 


11. Animals move from 
place to place. 


12, Animals show more 
-destructive or catabolic 
. activity. 


13. Animals have more 
marked division of 
‘labour among their or- 
gans and tissues, 


(C) Histological : 


14. Animal body is 
composed of cells 
'without cellulose cell- 
wall, 


Animals 


Cont —TABLE No. 1.2 
————ÁÉ 


Plants 


Exceptions Characteristics 


Exceptions 


Some  Pro-| 9. Plants are able to | Fungi and 
tozoa can | manufacture organic | some parasi- 
manufacture | food. tes cannot 
food like manufacture 


plants. food, 
10, Growth in plant is 
localized: it takes place 
cout out their whole 

e. 


Sponges, co- | 11. Plants are statio- | Some plants 


rals, sea-ani- | nary. (eg. Des- 
mones, etc., mids.  Dia- 
are fixed to toms, etc.) 
some objects, can move 
from place to 
place, 
12. Plants are predomi- 
nantly constructive or 
anabolic. They are 
passive. 
13. Plants show much 
less division of labour. 
Tunicates, 
14. Plant body is com- | Some unice- 


llular plants 
have no cellu- 
lose cell-walls. 


posed of cells with defi- 
nite cell-wall made of 
cellulose, 


m ne aa aaa aaa ŘĖ——LaaaseaImaeo 


16g! 


and animal dead bodies, they a 
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ANIMAL CELL PLANT CELL 
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Fig, 1.3—Main differences between Plant cell and animal cell, 


Wa 
Desomosome Golgibody ^ Endoplasmic reticulum(rough) 


113. Inter-relations : Inter-dependence between Plants and 
Animals 

Vast majority of the living things, as we know, are 
either plants or animals. Notwithstanding the fact that they 
differ widely in various ways, they are largely tied up in persuing 
their various life processes, Their ulterior inter-relation has 
been the prime reason to turn them inter-dependent, In fact, 
neither the plant,nor theanimal can maintain its existence indepen- 
dently and as such none is self-sufficient; instead, one is compli- 


mentary to the other. The following facts, to signify their 
complimentary role, are given below : 


(i) Cyele of the Chemical elements in living things : Food— 
it is one of the prime requirement of all living organisms, whether 
plant or animal. ‘The reserve of food-stuffs would have exhausted 
long ago but for the reason that the same materials are used over 
and over again, Passing from plant to animal and animal to plant. 
All living things die in course of time, Through the part played 
by micro-organisms in decomposition and Putrefaction of the plant 


Te finally reduced to CO,,NH,,H,O 
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and mineral salts. The later items are returned to the earth to be 
again taken up by the green plant, who bring them back to the 
realm of the organi: world through photosynthesis. In the process 
energy-containing compounds are built with the aid of sunlight. 
This is being utilized by the rest of the living world, namely all 
animals and chlorophyll-less plants. On the other hand, excretory 
wastes of animals and the products of decay of the plants and 
animals, for instance, H,O, CO,, various salts, NH, and other 
nitrogenous substancesare aptly used by the green plants. Bacteria, 
moulds etc. play vital role in converting organic wastes back 
into the form of useable materials in organic items. In the trans- 
formation, however, the role of different species of bacteria is most 
significant. 


Respiration—As a result of respiration of both plants and 
_ animals, CO,is continuously returned to the outer world whichis 
one of the raw materials of photosynthesis. Apart from. it, most | 
of the CO, is released through the action of organisms of 
putrefaction and decay (bacteria, yeast, etc.) ; conversely, the Oz 
so much required for respiration is returned through; photo- 
synthesis to the atmosphere. Similarly, protien in. decay are 
eventually reduced to H40,. CO., NH, and free, nitrogen. 
The green plants are capable of taking its nitrogen mainly 
in the form of nitrates of potassium, ammonium, etc. Certain 
bacteria ( Nitrosomanas ) act upon NH, to turn it into nitrite 
in combination with other elements, Another type of 
bacteria, Nitrobactor, ‘oxidizes the nitrites into, nitrates, which 
is readily used by green plants. Besides, free. atmospheric 
nitrogen is also utilised by a special group of nitrogen-fixing 
bacteria, some of these bacteria live in soil independently, 
while others live as symbionts in the nodules of leguminous 
plants like peas, beans, etc. 

Thus, there exists a perfect balance in nature where living and 
non-living things exchange their constituent elements ceaselessly 
without effort, as natural phenomenon. 

Besides, the above cyclic interdependence of the constituent 
elements, there are various direct evidences of some important 
facts of interdependence between the two, some of which are dis- 
cussed below. 
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(i) For food — The green plants serve as food for all animals ; 
herbivorous animals are directly dependent and carnivorous and 
Others are indirectly dependent on it. Similarly, insectivorous 
plants are dependent on insect food. Further, the excreta of 
animals and their dead-bodies when decomposed in the soil 
through bacterial actions serve as the nitrogen source of the plants? 
nitrogenous food which they absorb through their roots. 

(ii) For 0.—CO, balance—Through the process of photosyn- 
thesis, green plants give off free O, to the outer atmosphere and 
take in CO, as raw material for the process. On the other- 
hand both plants and animals give off CO, to the atmosphere and 
take in O, for the purpose of respiration. Thus, the balance of 
O,—CO, is maintained in nature. 

(ii) Plant-animal association—(a) Symbiosis—Plants and 
animals sometime live together in a mutually helpful relation, 
knownas symbiosis, For instance, the green H ydra and some 
Sea-animones have embeeded in their cells certain one-celled green 
algae which utilise the CO, given off by the animal tissue as 
respiratory waste for their food-production, while the oxygen given 
off during the process is utilised by the tissues of the animones 
` for respiration. 

(b) Mutualism -Certain intestinal protozoa of man and other 
animals are helpful in metabolism and synthesis of certain vita- 


tine. This mutual benefit is known as mutualism and may be 
Cited as another example of inter-dependence, 


d certain other Stinging insects 
*s, particularly fruit trees like 


à (iv) For pollination and dispersal of seeds— For the reproduc- 
tion of plants pollen grains of the flower are required to be trans- 


ferred to the female Organ of the flower, This transference of 
gamets is known as pollination. 


(a) The insects in Course of thei 
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(b) The grazing harbivorous animals, the birds, bats, etc. eat 
fruits of various plants, the seeds of which remain undigested 
and thus they pass out along with the excreta of the animals. 
Since, the grazing animals move far and wide, the seeds are dis- 
persed to far off places and germinate. Here also, the animal 
get food from plant, which evidently depend on animal for their 
dispersal of seeds. 


1:14. Biology : its relation with other sciences 

No science (or branch of science) is independent. The 
“various facts and the variety of knowledge drawn from every 
branch of science, in fact, nourishes each other branch 
‘to develop. Fundamentally, Biology is a vast division 
of science which is concerned with the: entire organic 
‘world and among others, tries to seek the relation between 
‘the inorganic and living things. In its endeavour it requires 
‘various knowledges of Physical sciences—of physics, chemistry and 
mathematics (including statistics). In fact, the properties of 
living matter (protoplasm) follow the inherent properties of the 
element and never over-slip the limits of matter and energy. Thus 
‘it is closely related to physics in the understanding of the 
fundamental particles and the conservation of energy following the 
laws (1st and 2nd particularly) of thermodynamics. 


In modern times, with the development of technology, the 
understanding of the construction of the living things is of prime 
interest ; the smaller parts of the whole organism, their structures, 
:their functioning and their relationship with one another. In doing 
so, the frontier of Biology has been pushed down to the chemical 
‘level. Modern Biology seeks to interpret living organisms in terms 
of the chemicals which compose the living and the non-living 
alike. Thus, the relation of Biology with Chemistry is not only 
intimate, but at this level Biology merges with Chemistry. 

For an intimate understanding of the fundamental life-processes 
Biology has combined with various branches of science to form the 
following new subjects : H 

. Biology and Chemistry— Bio- Chemistry. 

2. Biology and Physics — Bio-Physics. 

3. Biology and Mathematics — Bio-Mathematics. 
4. Biology and Statistics —Biometry- 


= 
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5. Biology and Electronics — Blonics. 


Biology and Geology — Palaentology (with reference  to- 
animals) and Palaeobotany (with reference to plants). 
7. Biology and Ozenography — Marine Biology. 
8. Biology and Space science — S pace Biology. 
9. Biology and Genetics — Cytogenetics. 
10. Biology and technology ~ Cybernetics. 
Thus, from the above it is clear that modern Biology is*moving. 
steadily in co-operation with almost all branches of science and 
has introduced a number of new lines of approach to unvail the 


mystry of the structural, functional and hereditary properties-of* 
living matter. 


PSYCHOLOGY 


zooLoe 


[BIOLOGY 


BOTANY 


BIOCHEMISTRY j= 


BIOPHYSICS 


Fig. 1.4—Relation of Blology with Some other sciences, 


115. Major divisions of Biology : 

Man has been all through  strikin 
vastness and variety of living forms, 
vaccum in the world. besides, | there i i 

í : l ; j exists innumerable 
microscopic organisms beyond our normal vision, 

However, the study and Tesearch of 
certain procedures through which a m 
18 possible. This has led to establi 
Biology which are as follows : 


sly impressed with the 
There is practically no 
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A. On the basis of the nature or type : 

Botany (Botane = Herbs) and Zoology (Zoon= Animal) are the 
sister branches of Biology. 

Botany deals with the plant-world and is further sub-divided 
into Bacteriology (bacterium =a little rod) which deals with the 
study of microbes, Agrostology, dealing with the grass and the like, 
Dendrology, dealing with the trees, Mycology dealing with the 
Fungi, Palaeobotany dealing with the plant-fossils, etc, 

Similarly, Zoology deals with the animals. It has also many 
subdivisions, namely, Protozoology dealing with the unicellular 
animals, Helminthology dealing with the worms, Entomology 
(entomon — an insect) dealing with the insects, Malacology dealing 
with the molluscs, Ornithology dealing with the aves, Palaentology 
dealing with the animal fossils, Fisheries is concerned with the 
exploitation of the water resources, etc. Likewise, Anthropology 
(anthropos =a man) is a specialised branch of biological science 
which is concerned with the study of various races of mankind. 

B. On the basis of procedural method : 

Study of a particular type of plant or animal in totality can be 
done through the following four methods. 

(a) Morphology—The structure or morphology may be divided 
again into (i) external morphology, (ii) internal morphology 
(those which are visible after dissecting the animal ; that is the 
viscera, etc.), (iii) histology, the study of the microscopical 
structures that form the organ, and their observations and 
(iv) cytology, the study of the constituting cells. 

(b) Embryology—The study of the development of the fertilized 
egg to form the different organs, its growth and finally its trans- 
formation into a miniature adult. 

(c) Physiology—It is the study of the different important bio- 
chemical activities that take place within the organism, It deals. 
with how the plant absorbs water by its roots and indicates the 
precise mechanism through which it is conducted to the different 
organs and finally to the leaves. Similarly, it deals with the 
transformation associated with the subsequent breaking down of 
the food that the animals take and the different physical and 
chemical changes through which nutrition is derived out of it and' 
also the reaction of the plant and animal with the environment. 
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For example, the different types of movements of the plants and 
animals, etc., are included under this group of study. 

(d) Pathology—This sub-group of study deals with the nature, 
Symptoms, ailments of different diseases and tries to find out the 
etiology, as also tries to point out the prevention and remedy’ of 
those, 


C. Study of organisms on the basis of £roup-relationship : 


(a) Taxonomy—The Study of classification of plants and 
animals on the basis of their relationship, resemblances and 
differences. The apparent dissimilarity between two organisms do 


do not necessarily signify their actual kinship. 


(b) The environment-science or ecology deals with the assess- 


Fig. 1.5—Biology and its Principle divisions 


BIOLOGICAL SCIENCES ; INTRODUCTION 29% 


ment of the relationship of plants and animals to the environment. 
Every living organism has some sort of a natural home where it 
thrives normally. This environment is often called its habitat. 
The plants and animals form communities and become adapted to 
both the animate and inanimate environment of the localities. 
Thus, mosses grow in damp places, the cactus in desert condition. 
The tiger lives in the jungle, the bird flies in the air, and the fish 
lives in water. The structural adjustments of organisms to 
environments are characteristics of the organisms, which is known 
as adaptation. In fact, structure conforms to habit and habitat of 
organisms. Thus, an aquatic animal cannot live on land and a 
water-lily cannot thrive on land. 


(c) Cytology and Geneties—Cytology deals with the study of 
cells’ which are the physical basis of or- 
ganisms and also their structural units. 
Genetics deals with heredity ` and 
variation, and tries to explain the 
mechanism by which the offspring 
resembles its parents. It also offers 
an explanation for variations in plants 
and animals. 

(d) Distribution—The plant commu- 
nity or group of a particular locality is 
known as flora, while its animal counter- 
part is known as fauna. We find varied 
distribution of the flora and fauna 


Fig. l:6—Thomas Hunt 


on the surface of the earth and there Morgan (1866-1945) 
is practically no vacant space any- The pioneer who wonder- 
where. fully attempted to explain 


(e) Bio-geography— This division is PAPE ppp 
concerned in studying the global dis- basis. 
tribution of plants and animals, v 

(f) Palaentology —(Palaeos = primitive ; ant — existence ; logos = 
discourse) 

The present day distribution of plants and animals do not 
conform their ancient distribution. . The extinct animals of the by: 
gone ages when preserved under the different geological strata forms 
the subject matter of Palaentology. Feiler tte 
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(g) Economic ires te peice Piology deals with the 
i ilitarian aspect of the su ject. 

Kr E oed iaa is concerned with furnishing the 
precise mechanism of the gradual development and radiation of 
offsprings of common ancestral types to more or less dissimilar 
groups and types to establish the origin of the wide yariety of the 
existing organisms and connect them on blood relationships. 
116. Biology and its impact on man : 


The impact of this broad field of Biology on man may be 
considered, for the sake of convenience, from the two natural 
divisions of the science itself, plant life and animal life. 

The study of both plants and animals gives man a real poder 
standing of both the morphological and physiological complexi- 
ties that surrounds him on every side. Further, animal life, 
inclusive of man himself, depends for its existence upon the photo- 
synthetic process that occur in the green plants which man takes 
so much for granted. It is bewildering to accept that man is 


ism like bacteria. The 


“an educated man is one 
- Needless to mention that the 


ly or indirectly from the plant 
life that he takes so much as assured, (vide infra.) 


The study of animal life, o 


n the other hand 
ble for him to know himself. i 


complex—all these 


his studies Of animals, Besides, 


unity had their or 
ental researches on 
he Scientists 
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3:17. importance of Biology in service of Mankind : 


i. Agriculture (in general) : Agriculture is, in fact, a form 
of applied Biology. As we have discussed earlier, every living 
-thing exists in interrelations with other living things in some form 
or other, as also with the surrounding physical conditions. The 
earthworm burrows the soil as ‘natural tiller? which helps 
to aerate and enrich the soil by keeping it permeable to water, 
the insects which pollinate the crop plants and the bacteria of 
yputrefaction which restore nutrient to the soil ; these are then, 
‘as much a part of agriculture as special crops grown. Agriculture 
jn reality, is largely the result of man's taking advantage to 
these interrelations of soil, climate and natural inhabitants to 
select those particular combinations that meet his requirement. 

Thus, to provide necessary food man depends entirely on green 
plants, which alone cau captivate solar-energy through which 
proteins, fats and carbohydrates are prepared. 


(a) ín Production and protection of food and its improve- 
ment: Agriculture, in its totality, is a form of applied biology ; 
-since every living thing exists in complex inter-relations with 
other living things. Modern man, unlike his primitive ancestors, 
„does not depend upon fishing and hunting. He cultivates plants 
and rears fishes as well as cattle and other domestic animals to 
get his food and other necessities of life: This has resulted in 
the development of agriculture, fishery and animal husbandry 
‘which are the applied aspects of the basic biological science, 
‘Better and reproductive varieties of crop plants, such as rice, 
wheat, jute, sugar-cane, pulses and cotton are now bred experi- 
mentally and distributed throughout the country. Disease- 
resistant grains are raised and seeds are vernalised by special 
treatments so as to yield the crop before the usual time of harvest- 
ing. Soil is saved from exhaustion by crop rotation. 


{njurious insect pests are exterminated not only by chemical or 
other mechanical devices, but also by introducing ‘eater’? animals 
which eat up the pests, the process known as Biological control. 
Plant diseases are cured or prevented by adequate scientific 
measures. Domesticated animals, such as the poultry birds and the 
wattle are improved with a view to increasing the egg or milk 
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production by experimental breeding, and their diseases cured or 
controlled by preventive measures. Fishes are now reared in 
Fisheries and the small fry distributed to fishermen with proper 
scientific instructions for growing them. 

Fishes, it may be mentioned, is one of the most important and 
easily available source of protein and vitamins. Further, marine 
fishes particularly, are rich in bone-building calcium and phosphorus 
as also in iodine which is so important for normal functioning of 
the thyroid gland. Life-histories of the more important food- 
fishes are exploredand suitable kinds are bred. Fishing industry has 
been improved by employment of: adequate catching devices, such 
as traps and nets. Trawlers are used for fishin 
80 as to increase the number of catches, 
factured as side products, 


g in the open.sea, 
and fish oils are manu- 


^b) In production of elothings and timber: 
cotton from which fibres for wearin 
are produced are products of plants. 


The furniture, which is another day-to-day companion of man 
is made from the timber Supplied by specified plant-bodies. 
Besides, transport vehicles of land and water, as: also the railway 


slippers and óther indispensable articles are made from wood. 


Production of 
clothes and garment-materials 


(c) In production of other requiréme 
for paper (paper-pul P). dyes, oil 
Supplied by plants. 

' 2. In search of oil and natural gas : 
locating the approximate position of th 
naturalgas reserve, The fossil remains o 
ferans (Elphiduim and allied groups ) and 
grains of plants indicate the probable 
where oil and natural gas reserve is loca 

3. In supplying fuels ¢ i i i 
True. Nick impe s Coal and mineral oil are the two items 
cal and industrial de 


nts: The raw materials 
» Tesin, gums and ‘the allied are 


Fossils are helpful in 


Strata of the lithosphere 
ted. 
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4. In relation to publie health and disease : Medical advance- 
ment has been and is inseparably associated with biological 
scierices, Besides, studies leading toward prevention of disease, 
and those which have to do with the actions of drugs, are 
essentially linked with studies in animal life ; because their actions 
aré basically tested on laboratory animals. 

Some ofthe most dread diseases are of animal origin, such 
scourges like malaria, sleeping sickness, various amoebic invasions 
which causes serious forms of dysentry, infections of different: 
types of worms leading to various threatening to life. Even 
when the malady itself is not directly attributed to an invading 
animal parasite, the animalacts asthe carrier of the causative 
agent. For instance, the bubonic plague is transmitted from rat 


to.man by fleas, yellow fever through one or some species ofc i 


mosquito, typhus fever through the body-louse, or hel fever 
through common housefly. 

Plants on the other hand, provide various natural products 
which have been used extensively through centuries to cure 
various types of illness. The medicinal plants like Penicillium, 
Kalmegh, Rauvolfine, Quinine, etc. are of immenese interest and | 
importance in medical science. Various basic drugs of current 
medicine which are synthesised artificially owes their origin largely- 
to plants. 

Through biological enlightenment some maladies have been 
largely robbed of their terrors, certainly modern biology with the 
help of pio teeuatology strives utmost in minimising human: 
sufferings. 


5. In finding and curing hereditary abnormalities : Certain 
morphological and physiological abnormalities have been proved 
to be due to hereditary factors. The science of Genetics have shown 
that abnormalities like Haemophilia, Dwarfism, Congenital 
abnormalities in man, like Mongoloid idiocy or Down's syndrom, 
Colour blindness, etc. are due to certain genic abnormalities. These 
genic deficiencies are transmitted from parents to offsprings 
through reproduction and hence are hereditary in character. 

6. In making an effort to better the human race: 
Another field of great importance to human welfare is that of 
Eugenies (Gr. eugenes—well-born) which is fundamentally linked 


Bio-3 
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with a knowledge of biological principles. The geneticists sorts 
and assays the various traits of the pairing organisms and 
frequently the scientific breeder can foretell the jputcoms of 
new combinations. The scientist, in his various strains of plants 
and animals can often combine desirable characters and elimi- 
nate undesirable ones. 


It is interesting to note that human structures and aptitudes, 
whether they make for man's weal or woe are subject to same 
laws. 


7. [n controlling environmental pollution : Every category 


'of human population are continuously disposing off different 


waste-products and their industrial unwanted by-products in the 
environment in such huge quantities as to disbalance the eco- 
system. This continuous interference with the normal functioning 
of the eco-system adversely affect the normal health and func- 
tioning of the living organisms including man. Such undesir- 
able change or unfavourable aberations in the environment is 
known as pollution. This dreadful ecological hazard threatens 
human civilization, even human existence. However, the growing 
biological knowledge of ecological balance provides and furnishes 
measures to minimise and control the inevitable disaster. Plants 
are the best source to remove excess of carbon-dioxide gas (an 
eminently harmful element) from the atmosphere by absorbing the 
gas required to continue its photosynthetic process, through which 
oxygen gas. (an eminently useful gas 
purifies the air, 

The contamination of different types of water by sewage and 
other harmful chemical wastes poured into it are largely absorbed 
by plants and rendered chemically harmless. 


) returned by the green plants 


It is bewildering to accept that man is 
lowly an organism like bacteria. 
make any impression upon us unl 
domain of plant world. 


dependent upon even so 
The phenomenon will never 
ess we have a glimpse into the 


In fact, *an educated man is on 
ment? and it is needless to mentio. 
a most important part of the environment. 


8. Sense of art and beauty : 
art and beauty come largely fr 


€ who makes use of its environ- 
nthat the living world constitutes 


The idea of man's real sense of 
om the plants. The sense of 
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symmetry and its role in art also owes itsorigin to the plant 
world. 

The colourful blooming flower with their different types of 
enchanting smells have been a source of man's inspiration, 
pleasure and personal liking, so much so that these are being 
offered to God and also to his beloved. The flowers remove 
man's mental weariness and servesas a source of his pleasant 
imaginations. j à 

9. Biology and space research: The role of biology has also 
been extended to space research. The continuous supply of oxygen 
was made available to the cosmonauts by green algae (alowly 
organised aquatic plant) -Chlorella kept in space ship during 
exploration of the moon. The plant utilised the carbon di-oxide 
released through the expiration of the cosmonauts in preparing 
its own-food through photosynthesis and released oxygen 
during the process which was utilised by the cosmonauts during 
inspiration. 

10. Public support of Economic Measures: Public must be 
educated and understand why restrictions on hunting and fishing 
are diserable, why pollution of water supply is dangerous, why 
sense of personal hygiene is necessary, why and how indiscriminate 
felling of forests bring forth drastic change inthe climate of the 
adjoining areas and cause environmental pollution, etc., before 
the average people will respect and promote general economic 
regulations. 

Lastly, it may be mentioned that human process is, mental or 
physical, spring in the main from the more generalised processes 
of lower animals. An insight into biology, together with 
a review of the principle of heredity and an understanding of the 
animal behaviour, would seem well-nigh indispensable for balance 
and perspective in the fields of education and social service. 


SUMMARY 


The amazing advances made in the study of natural history in the last 
two centuries, have given everyone today the opportunity of knowing far , 
more about th» living world around us, Mankind has acquired a vast 
amount of detailed knowledge about the tremendous variety of plants and 
animals now inhabiting theearth and also of many others that had lived 
and died out through the past ages. Attempts were made for long to 
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discover thé Origin and the ultimate structure of the living matter and 
man tends to be interested more in the behaviour of the same, as demonstrated 
in the lives of plants and animals, 


Biology, the science of life, is usually defined as the natural history. 
of plants and animals, the science of their structure, physiology, classification, 
habits and distribution. It is one of the natural sciences that considers. 
different phenomena in nature, 


Forests and wild game-animals are national resources from which man 
derives useful materials such as timber, fur and even food. Climate and 
crop position of the country depend, to a certain extent, upon the biological 
communities residing in perfect harmony in the forests. Proper and judicious. 
conservation of the natural resources demands a fundamental knowlecge of 
the principles of biology, so that they may be utilized at the right moment, 
Successful plant breeding, animal husbandry and conservation of forcsts are 
effective means for checking famine which is a scourge of the human society. 

Man has three powerful adversaries to fight with. These are famine, 
disease and death, Biology is an effective weapon against 


each of these 
three human terrors, 


Biological science enables man to understand his very interesting and 
beautiful neighbours, the plants and the animals, which not only provide him 
with moments of thrill and enjoyment but also with food, 


THINGS TO REMEMBER 


. 1. Biology is the science that deals with all living organisms including 
man, as also yarious phenomena associated with life, 

2+ "The vital force that keeps the organism living is life, further, life is 
inseparable from the organism itself. 
of life, 

3, Life is an energy-enriched substance and involves a ceaseless conversion 
of the potential energy of the body to kinetic one, 

A The criteria of life lies in its composition, organisation, specific shape 
and size, movement and locomotion, metabol ism, nutrition, growth, transporta- 
tion, respiration, excretion, irritability, reproduction, its ^ hereditary 
characteristics and finally in its rhythmicity and adaptation to environment, 

5. Life begins with birth, its expressions and manifestations become 


evident. with growth and after reproduction gradually its activity diminishes, 
it becomes senile and ends in death, j ; 


0. Viruses are materials that 


“and the nonliving. When it come Mop" aon it 
shows activities of life, whi M a) i e 


$ : life-lese, : 
7. Viruses are the i 7 e 
plants and animals, causatiy Seases of man and other 
8, Although plants and 
they are tied up toa great extent 


The activity of life is the expression 


animals differ widol y 


s Y in various ways, still, 
In persuing various life 


processes, 
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9. Biology is related with various other sciences. For an intimate 
understanding of the fundamental life process various new branches of. biology 
have developed in collaboration with other seiencesand. new technological 
devices. 

10. Biology has been employed to a great extent in the service of man- 
kind through the application of biological knowledge in Agriculture and in 


the related fields of human requirement which are closely associated with 


man’s living, comfort, health and asthetics. 
ll. Biology is possibly most closely related to our everyday life and we 


ourselves are also living, hence study of biology means understanding ourselves, 
therefore it is a must, 


Q Graded Exercise @ 
A. Long answer type: 


1, What is life? Why it is compared with a burning candle ? 

2, What is your idea about origin of life ? State the recent views of the 
origin of life. 

3, Discuss the main characteristics of life, 

4. How biology is related to other branches of science ? Is it fruitful ? 

5. -What are the main divisions of biology ? Give the characteristics 
of the divisions in outline, 


6 . Distinguish between the living and the non-living. 

7. Compare the main characteristics of the plants with the animals, 

8, What is the unit of organisation common to all organisms ? Discuss. 
9, Discuss the role of Biology in the service of mankind. 


B. Short answer type: 


10. Explain growth by incorporation or intussusception. 

11. What is the relation between stimulus and irritability ? 

19, What is metabolism ? How it is related to growth ? 

13. While same kind of chemical compounds compose the living substance 
of all organisms, why each kind differs from the other ? 

14, What is secretion ? Name one important secretory product of animal 
and one of plant, 

15. Explain the main difference’ in transport systems between plant 
and animal, 

16. What isa virus? Is it living ? 

17. Define life, 

18. What is protoplasm ? State its properties. 
C. Specific answer type: 

19, Who coined the term Biology ? 

20. What is meant by the word Biology ? 

30, Who was Aristotle ? 

31, What is the structural and functional unit of an organism? 

32, What is protoplasmic movement ? 
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33. What is assimilation ? 

94. Is respiration a catabolic process ? 
35, What is automaticism ? 

36, What is rhythmicity ? 

37, What is putrefaction ? 

38. What is cyclic interdependence ? 
39, What is homoeostasis ? 


D. Distinguish between : 


40.. Unicellular and multicellular organisms, 

41, Movement and locomotion, 

49. Ingestion and egestion. 

43 Growth by intussusception and by accretion. 

44, Secretion and excretion, 

45. Anabolism and catabolism, 

46, Potential energy and kinetic energy, 

47. Nutrition and growth. 

48. Absorption and assimilation, 

49. Qireular pathway and straight route of conduction» 
E. Write short notes on ; 


50. (i) Individuality of organisms, (ii) Sensitive plant. (iii) Adaptation, 


(iv) Biological control, (v) Plant-animal interdependence, (vi) Palaentology, 
(vii) Morphology, (viii) Flora and Fauna, 


Q Public Examination Questions from this Chapter @ 


(a) Name four important characteristics of life, (H. S, 1978) 
(b) Write short notes on: (i) Metabolism, (H) Irritability, 
(iii) Mutability, (iv) Rhythmicity, (v) Interdependence between plants and 
animals, (H, S. 1981) 


(c) Discuss briefly the application and importanee of Biology in solving 
any four of the following problems : 


(i) In food production, (ii) In control of population-explotion, (iii) In 


th, (iv) In controlling environmental pollution, 


l (H, S. 1982) 
(d) Discuss the role of Biology in the 


AM progress of agriculture and 
medicine, (H. S, 1983) 
(e) What is the relation between Sociology and Biology, (H. S. 1984) 
(£) Define life, Describe briefly about the impòrtance and application 
of Biological Sciences,, > (H. S. 1985) 


> field of space-research. . 


€ 
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Syllabus : Cell structure : (a) Prokaryotic cell ; Definition and examples— 
Bacterium and Blue-green alga. 

(b) Eukaryotic cell : Definition and examples—plant cell and animal cell ; 
structure in outline and functions (in brief) of the following—cell wall and 
cell-membrane, -cytoplasm, vacuoles, membrarie bound organelles i,e., nucleus; 
ribozomes, plastids and golgibodies. Mention only endoplasmic reticulum 
mitochondria, lysozome, centriole and micro tubules. Ergastic substances— 
starch grains, glycogen, fat droplets, zymogen grains, j 

(c) Difference between Prokaryotie and Eukaryotic cells ; mention only 
(i) plastids, (ii) nuclear membrane and (iii) chromosome. 

(d) Functions: Diffusion, osmosis, water and ion absorption (mecha- 
nism of ion absorption is not required). 


2'1. Introduction : 


The ‘cytology ( Gr, Kytos, cell; Logos, word ) or cell biology is a 
biological science which deals with the study of cells from morphological, 
biochemical, physiological, developmental, genetical, pathological and 
evolutionary point of views, The development of the microscope in the seven- 
teenth century revealed for the first time the existence of living organism 
which is so small that they could not be seen with naked eye. In 1452 
Leonardo da Vinci (1452—1519) used lenses to magnify the small objects. In 
1590 J. Jenssen and Z. Jenssen, the two spectacle sellers of Holland were 


the first to constract a compound microscope (Gr, mikros, small ; skopein, 
to see), 1 


2.2. Brief history of cell discovery : 

Ancient philosophers and naturalists, particularly Aristotle 
and Paracelsus concluded that ‘all animals and plants, however 
complicated, are constituted by few elements which are repeated in 
each one of them”. English botanist Robert Hooke (1635—1703) 
introduced the microscope in England and on 13th April 1663. 
he demonstrated its remarkable powers before the Royal Society in 
London. As one of his demonstration he placed a slice of cork 
(plant tissue) under a microscope, describing his observation as 
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follows'*our microscope inform us that the air is perfectly enclosed 
in little boxes or cells distinct from one another.” Itis from this 
description of Hooke's the term “Ceu” (L. cellula, little room) 


Object (cork) 


Vig, 271, (A) The microscope used by Robert Hooke. It is a compound 
microscope with an objective and eye piece lenses, The sphere 
contains a solution of clear brine, Overall magnification 
about x270. (B+C) Robert Hooke’s drawing of cork, Hooke 
Sue the compartments ‘cells’ ; they are in fact plant cell 
walls, 

was introduced into the biological literature. Hooke used a com- 
pound microscope. He used the lamp as tlie source of illumi- 


nation (fig. 2.1A) and to intensify the light. 
Antonj 


van Leeuwenhoek ( 1674) Constructed himself a 
simple microscope from 
Spectacle lenses and 
with this microscope 
he observed single-celled 
organism in a drop of 
Pond's water. He also 
observed the nucleus in 
some red blood cells. 
At the beginning of 19th 
Century, several  dis- 
Coveries were made 
about the structure of 
Fig, 2°2, Antonj van Leeuwenhoek (Duteh plant and annal Meses 

Naturalist, 10321723) Many scientists like 
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Nehmian Grew (1682), Marcello. Malpighi (1688—1694), de 
mirbel (1802), Oken (1805), J. B Lamark (1809), R- J. H. 
Dutroehet ( 1824 ) etc. showed that 
all animals and plants composed 
of cells. - In 1831 Robert Brown 
discovered and described the 
nucleus as a central feature in the 
plant cells. The botanist M. J. 
Schleiden and the anatomist T. 
Schwann describe the cell theory 
in more definite form. In 1840 
J. E. Purkenje named the cell 
contents. as protoplasm. Max 
Schultze (1861) said that the cell Fig 5. Mate 
is a living © substance which 1804—81) 
possesses a nucleus and cell membrane. He used the term proto- 
‘plasm for the living substances of cell and stated *: protoplasm 
as Physical basis of life”. 1 


:9:8. Cell theory or cell doetrin : 


The German workers M. J. Sehleiden and T. Sehwann 
established the cell theory independently in 1838 and 1839 
respectively. The cell theory 
state that — 

(a) ‘Cells are. organisms. 
The entire animals and plants 
are aggregate of these orga- 
nism arranged according to 
definite laws’ —Schwann’s state- 
ment. 

(b) All living organism are 
composed of cells and cell 


products. 
(c) Cell is considered as 
Fig 2:4, Theodor Schwann morphologieal and physiologi- 
«(German anatomist , 1810—82) cal unit of living organism. 


(d) tn 1855 Rudolf Virchow gave the dictum—**Omnis cellulae 
e cellula? i.e., all cells arise from pre-existing cells, just as 
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the animals arise from an animal and the plants. only fron 
a plant. 


2'4. Definition of cell : 


As there are several structural dissimilarities found among 
the different types of cells, no single definition will. therefore 
appropriate. Thus various definitions of the cell are given below $ 


1. The structural and functional unit of living body is 
known as cell. 


2. The protoplasm surrounded by the membrane is known. 
as cell. 


3. The smallest organised unit of living body which is in- 
dependent and self-reproducing under favourable condition, is- 
known as cell. 


4. An unit of biological activity delimited by a semiper- 
meable membrane and capable of seif-reproduction in a medium 
free of other living system. (Loewy and Siekevitz) 


5. The cell is the basic unit in which matter and 
energy are acquired, converted, stored, utilized and also in 
which biological information is stored, manipulated and ex- 
pressed. (Swanson and Webster) 


2°5. Classification of cells of cellular organism : 


The body of living organism except viruses and certain plants (rhizopus 
vaucheria etc.) has cellular Organisation and may contain one or many cells. 
They are called unicellular and multicellular organism. (a) Unicellular 
Organism, is made up of only one cell. Unicellular organism may be 
divided into the protozoa ( single-celled animals) and protophyta ( single- 
celled plants), The distinguishing fzatures between two being that the 
protophyta in general are capable of photosynthesis whereas the protozoa 
are not. Many of the Protophyta have a rigid exoskeleton whereas the 
protozoa are in general motile, Protophyta tends to be autotrophic where 
as protozoa are heterotrophic, (b) Multicellalar Organism, is made up of 
many cells such as animals and plants in general, 


2'6. Cell number : 


The number of cells Present in the living Organism varies- 


fro A ean 
m one to infinitive Le, numerous. The bacteria, amoeba 


Proteus, euglena, diatoms, etc. are unicellular organisms, 
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they all consist of single cell. Most of the plants and 
animals are multicellular organism i.e.. they consist of many 
cells. Fully grown up plants and animals contain billion and 
billion of cells. However, the number of the cell is never fixed 
for any multicellular organism, since it is continuously deflected 
by cell multiplication and cell replacement. 


2°7. Shape of the cell : 


Shape of the cells are extremly variable, Typically the 
animal cell is spherical in shape, but it may be elongated, 
cylindrical, oval, rounded, triangular, cuboidal, polygonal or 
irregular in different plants and animals. The shape of the 
cell remains correlated with its functions. The external 
and in'ernal environment of the organism may also cause shape 
variations in the cell due to internal or mechanical stress Or 
pressure and surface tension, etc. The shape of the cell may 
variable (eg., W.B.C. amoeba, etc.) or fixed. The shape of the cell. 
may vary from organ to organ and animal to animal. 


F 


Fig. 25, Various types of animal cells—(A) Bone cell, (B) Amoeba;. 
(C) Liver cell, (D) Epithelial cell, (E) White blood cell, (£) Pig- 
mented cell, (G) Muscle cell, (H) Nerve cell, (T) Fat cellzand: 
(J) Goblet cell, 
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Fig, 2'6. Various types of plant cells—(A) Stinging hair, (B) Bacteria, 
(C) Diatom, (D) Acetabularia, (E) Sclerenchyma fibre, (F) Stoma, 
(G) Alga cell, (H) Stone cell, (I) Leaf epidermal cell, 


2°8. Size of the cell : 
Size of the cells are also extremely 


variable. Most eukaryotic cells are micros- 


copic in size but they are bigger than the 


Proteinparticle 


Cell membrane 


Fig, ?7. Smallest cells—Mycoplasma, 


bacteria. The size ofthe cell varies from 


l um to 175,000 um (175 mm), Among Fig. 2:8, (A) Longest cell- 


ay : neurone, (B) Biggest cell 
living organism one of the smallest ( bac- BER edebat 
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terial) cell is known as mycoplasma». Itisa bacteria produces 
respiratory dissase in poultry. Its diameter is 0.1 to 0.25 um. 
The Ostrieh egg is usually considered as biggest cell in liviug 
organism. This egg with its shell measure 170 mm. x 135 mm. The 
diameter of the yolk (which suppose to be a true cell) is 70 mm. x 
40 mm. In the human body nerve cell (neurone) is the longest cell 
in the living organism. It may bea metre or more in length. 
Among multicellular plants ihe bark fibre cell of .Ramie, 
Boehmeria nivea is the longest cell in plant. It is about 55 
cm. in long. The biggest unicellular plant cell is a sea} 
algae called acetabularia which measure 5-10 cm. long. Cotton 
fibre is a cell which is about 6 cm long. 


A CD g 


Fig. 2'9, Diagram showing a scale of sizes of different kinds of cells for 
comparative purposes, 1-(A) Egg of Ostrich (170 mm x 195 mm), 
(B) Egg of hen (60 mmx45 mm), (C) Human egg (0'1 mm.) 
2-(a) Pneumo coccus bacterium (01 umx02 wm), (b) Influenza 
bacillus (05x02 wm), (c) Typhoid bacillus (24. um -0'5 pm); 
(d) Human R.B,O (72 um), (e) Liver cell (20 um), (f) Sea 
urchin egg ( 70 um ) and (g) Human egg ( 100 um ). 


2:9. Measurement of cells and their units : 


Almost all cells are microscopic in size, and these are 


measured by the unit of measurements,the mieron (plural-micra) or 


* The Mycoplasmas are smallest organism. Two types of mycoplasmas: 
are present in natureu Mycoplasma — laidlawii ( O'lum )it is found in sewage, 
compost earth,etc. Mycoplasma gallisepticum (0:25) - it is a parasite of cells and” 
cell exudates of respiratory organs of warm-blooded animals, 


quts A TEXT BOOK OF BIOLOGY 


R n 
i» millimieron or mu, angstrom unit or A etc. Now a days instead 


of micron (u), micrometer (um) and in place of millimicron the 
term nanometer (nm) are used. 


Relation between the units : 


1 u (micron) or 1 um (micrometer) = ro millimeter (mm.) 
> 
— 0:001 mm. 


1 mu (millimicron) or 1 n (nanometer) = 4 9 070014 or um 


2, 
1,000 
LÁ (angstrom) = i mp (millimicron) - 0*1 mp or nm. 


2:10. Types of cell : 

All living organism may have only one kind of cell from the 
following types of cells— 

l. Prokaryotic cell (Gr. Pro, primitive ; Karyon, nucleus) : 
It is the simplest kind known and probably the first to come 
into existence perhaps 3—3:5 billion years ago. 

2. Eukaryotic cell (Gr. Eu, good; Karyon, nucleus): It isa 
far more elaborately structured and partitioned unit. 
2:11, PROKARYOTIC CELL : 


Definition The cell which is lack of a nuclear envelope 
and well defined cytoplasmie organelles such as endoplasmic 


reticulum, Golgi complex, mitochondria, centriole, ete. is known 
as prokaryotic cell. 


Examples—Bacteria, blue green alage (Nostoc Anabaena), the 
pleuropneumonia-like Organism ( PPLO ) mycoplasm, rickettsia 
and spirachaeta. 


Characteristic features of Prokaryotic cell : 


(a) Size: Prokaryotic cells (prokaryotes) are unicellular or 
filamentous form and the cells are small, not exceeding 10 um 
(micrometers) in diameter. The dimension of the smallest cell 
known (myocoplasm) is 0:1 to 0:25 nm. 

(b) Plasma membrane: The living portion of the prokaryo- 
tic cell is limited externally by the plasma membrane. Outside 
of plasma membrane a more or less rigid cell wall and a jelly 
like mucilaginous capsule or sheath are present. 
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(c) Nueleus: True nucleus is absent due to absence of 
snuclear envelop. The cellular content consists of a less electron 
«dense nuclear area known as mueleoid. It contain single naked 
«chromosome which is composed of naked DNA. 


(d) Cell organelles: The cytoplasm of the prokaryotic cell 
islack in well defined cytoplasmic organelles such as endoplasmic 
xeticulum, golgi complex, mitochondrion, centriole, vacuole 
lysosome, chloroplast, etc. 


(e) Cilia and flagella: In some prokaryotic cell has motile 
system based oncilia and flagella. Flagella help in movement. 
No microtubules ( which are found in eukaryotes as 9+2) are 
found in any prokaryote. 

(f) Cell division: In the prokaryotes multiplication takes 
place by binary fission. The naked DNA of the nuclear area is 
believed to be attached to the mesosome. The mesosome is 
Structure in the cell membrane that seems to divide and pull 
apart as the DNA is replicating. 


(g) Transfer of genetic information:  Prokaryotes can 
transfer genetic information on a piecemeal basis from one cell to 
another but not ona reciprocal basis, it is always a one way 
transfer. 


2:12 Bacteria : 

(a) Definition : The bacteria (Sing, bacterium) are mieroscopic 
unicellular asexually producing prokaryotes which occur in water, 
soil, plants and animals. 


(b) Size of bacteria : The measurement of bacterial cells varies 
from 0.15— 15.0 wm in length and 0.2—2.94m in wide. 

(c) Form of bacteria: There are three basic shapes of bacteria 
—-the speroidal (coccus), rod-shaped or cylindrical (bacillus) and 
spiral (spirillum and spirochetes), Coccus are found in various 
types such as mierocoeeus (occur singly), diplococeus (occur in 
group of two), streptococcus (occur in long chains) and staphy- 
lococci (irregular clamps). 

(d) Structure of bacteria: Each bacterium has an outer 
covering and cytoplasm. 3 

(i) Outer covering : It is made up of three layers—(i) Plasma 
membrane: It is a ‘thin lipoprotein membrane containing 
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respiratory enzymes and present on 


the cytoplasm. 


bacteria the membrane form a sac like structure which sinks. 


Flagellum 


Mesosome 
Slime layer 
Cpiesentat 
certain time) 
Cell wall 


Plasma 
membrane 


Gytoplasm 


Photosynthe 
lamella 


Nucleoid 


: Fig, 2°10, A typical 
bacterial cell, 


(ii) Cytoplasms At the centre, the 


and colloidal cytoplasm. 


Cytoplasm is devoid of m 
otic cells (such as mitoc 
bodies, lysosomes, centrioles, 
distinct nuclear region ( not 


often known 
membrane. 


The DNA is attache 
photosynthetic 


to form 
are able to. swim ab 
called: flagella, 


aS nucleoid which is 
The bacterial 
molecule of naked DNA ti 


bacteria 


SO called chromatophores, 
out by beating of whip-like ce] 


deép into the cytoplasm. This 
Structure is called mesosome. It has 
respiratory, secretory and chromo- 
somes duplicating functions. (ii) Cel 
wall: It is athick, rigid and elastic 
covering present on the plasma mem- 
brane. It is made up of carbohydrates, 
proteins, lipids, inorganic salts, 
phosphorus, diaminopimelic acid and 
müramie acid (derivatives of glucose). 
The cell wall of some bacteria can 
be stain by crystal violet and iodine 
(Gram stain). Thus they are known 
as Gram-positive bacteria, other 
bacteria are not stained by Gram 
stain, they are called Gram-negative 
bacteria (iii) Capsule: This is 
the outermost slimy layer (occasio- 
nally) present on the cell wall. 


cell contain dense, 


It contain glycogens proteins and fats. 


ost of the cellular organelles of eukary- 
hondria, 


endoplasmic reticulum, Golgi 
etc). The DNA is present ina 
shown in the fig. 2.10 ). It is 


lacks of any delimit 
chromosome 


In some 
chromatophore which have 
hotosynthetic pigments. This 
ated with internal membranes 
tubules or vesicles in different 
Many bacteria 
lular outgrowth 


In some- 
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2'13. Escherichia Coli (E. Coli): 

It is a gram-negative bacillus (rod-shaped or cylindrical 
bacteria) 24m long and 0.8 jm thick. It is found in mammalian 
digestive tract. It is surrounded by a rigid cell wall made 
up of proteins, polysaccharides and lipid molecules. Inside 
the cell wall is the plasma membrane which is made up of 
lipoprotein. It performs the respiratory mechanism because 
many respiratory enzymes.are attached to it. 


e 
M89... 


Plasma membrane ^ Protein Cytoplasm Polysomes cellwali 
Fig. 2-11. A prokaryotic cell of Escherichia Coli (E. Coli). 
The cytoplasm is colloidal substance containing many compo- 
nents. Itdoes not contain endoplasmic reticulum, Golgi bodies, 
mitochondria, centrioles, lysosomes, flagella, etc. Cytoplasm 
contains numerous ribosomes. During protein synthesis many 
ribosomes aggregate to form polyribosomes or polysomes. 
2°14. Blue Green Algae : 
The blue green algae is another group of prokaryotes. 
Thé body of the few blue ^ . a. 


Las E Fatdroplet 


green algae is made up of LA s SAY 7 Oj&nosome s 

either one cell (uni  ; DAERA AN Phosphate particle 

cellular) but, many of ij E») 3 y ia Ribesome s 

P ‘ : MU 7, 

“fem are multicellular and s SSS SA / / Eee Ius 

forming multicellular colo- X rat 7 -siethinia 

$ i S Se 7—— Celiwall 

nies of prokaryotic cells. — . 275$ = ~~ (elalineus Gat 
: froctinpartile T7 DNA : 

A typical cell of blue Nucleoplasm 


green alga is composed 
of following structures : 


Bio-4 


Fig. 2'12. Diagram of a Blue Green Alga, 
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(a) Cellular covering: It is formed by outermost gelatinous 
coat or slimy layer,a middle cell wall and an innermost lipoprotei- 
nous plasma membrane. Cell wall is made up of cellulose, 
pectin and mucilage. 


(b) Cytoplasm:. It is present within the plasma membrane. 
Cytoplasm lacks of endoplasmic reticulum, Golgi complex, mito- 
chondria and lysosome. Cytoplasm is mainly devided into two 
parts. The central part of the cytoplasm is known as centroplasm 
or central body whereas the peripheral part of the cytoplasm is 
known as chromoplasm. (i) Centroplasm or central body : Like 
other prokaryotes blue green algae does not contain nucleus. It 
contains protien body, phosphate granules, lipid droplets ribo- 
somes and DNA ina double stranded helix, (ii) Chromoplasm : 
The chromoplasm contains photosynthetic pigments such as 
chlorophyll and carotenoid. These pigments are present in 
flattened sacs called /amellae which are formed in parallel 
order. In addition to photosynthetic pigments phycocyanin 
(a blue colour) and  phycoerythrin (a red colour) the other 
pigments are also present in these algae. These two type of 
pigments collectively known as phycobilin which are present in 
the granules. The granules are known as cyanosomes or phycobili- 
somes. These granules are 400A° in diameter and are situated 
in between the lamella. 


The cells of blue green algae though lack of cilia or flagella, 
but have the capacity to do move 


ment by gliding or rotatory 
motion, 


2:15. Virus or Viron and Virojds : 


The Russian botanist Ivanovski 
clear-cut evidence of a virus. 
that shows several differences from 


typical bacterial cells. Viruses 
Viruses are simplest and 
main between 30 and 300 
ores of porcelain filters. 
ectron microscope. Out- 
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Strueture: The intact virus unit or infectious particle is 
called the viron. Each viron consists of a nucleic acid core 
(DNA or RNA) wrapped in a coat 
of protein called capsid. It is 
made up of numerous protein 
molecules capsomeres. Viruses 
have three different shapes— 
spherical ( actually polyhedral eg., 
Bacteriophage), helical (cylindri- 
cal or rod like ) and complex. 
According to the type of host, 
virus may be classified into three 
groups, (a) The bacterial virus or 
bacteriophages, (b) plant virus 
and (c) animal virus. 

Viroids are more simpler © or- 
ganism than viruses. They are 
infectious agents that attack plant Fig. 2-13. A Phage-irus. 
cells and consist of a single RNA molecule which is not 
covered by a protein capsid. 

2:16. EUKARYOTIC CELL : 


Definition > The organism (cell) in which the nucleus has a 
definite nuclear membrane and contain membranous structures 
(cytoplasmic organelles) like endoplasmic reticulum, Golgi 
complex, mitochondria, lysosome, ete is known as eukaryotic cell. 

Characteristic features of eukaryotic cell : 

The eukaryotic cell is the true cell which has following 

tysosome characteristic fea- 
Tucleoplasm tures. 

(a) Size: Eu- 
karyotic cells are 
À membrane generallylargeshaped 
cells, only few cells 


d Mitochondria being under 10 um 
> Endoplasmic in diameter. 
=“ (b) Cell bound- 
Fig, 2°14, A typical Eukaryotic Cell. ary: The exterior 


of the cell is bounded by the plasma membrane in animal cell. 
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In case of plant cell, an outer wall of cellulose known as 
cell wall is present on the plasma membrane. 


(c) Nueleus: True nucleus is present. It contains nucleolus 
RNA, DNA, chromosomes and nuclear membrane. 
(d) Cell organelles: Eukaryotic cells have definite internal 


membranous structures like endoplasmic reticulum, Goigi com- 
plex, mitochondria and lysosome. 


Microviltl 


-Plasma membrano 


Pinocytic vacuole 
Vacuole 

Golgi body 
Centrosome 


“Centriole 
— Nuclear wall 
Smoofhendoplasmic reticum 


Nucleolus 
Lysosome 
Mitochondrion 


elaplasmic bodies 


f E.R.with ribosome 
2°15, Diagrammatic structure of typical animal cell. 


Fig. 


@ General structure and func 


tions of an animal and a plant 
cells : 


The eukaryotic cells are 


present both in the plants (from algae 
‘to angiosperms) and anima 


ls (from-protozoa to mammals) The 
cells have different shapes, sizes and physiology but all the cells 


are typically composed of cell-covering, cytoplasm, cytoplasmic 
organelles and a true nucleus. j 

A. Cell covering: (i) 
areenclosed by a thin po 
is known as plasma membr 


Plasma membrane : Most of the cells 
tous semipermeable membrane which 
ane. The membrane may be modified 
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to give rise to villi, flagella, cilia and other special structures. 
(ii) Cell wall (plant cell only): It is present outside the cell 
membrane. It is a thick semirigid laminated, non-living cellulose 
covering. 


Vig. 2°16. Comparative diagram of animal and plant cells. 

Funetions: Plasma membrane is differentially permeable 
membrane through which extracellular substances may be 
selectively sampled and cell products may be liberted. Cell wall 
provides protection and support to the plasma membrane and 
cytoplasm. i 

B. Cytoplasm: The substance occurs between the plasma 
membrane and nuclear membrane is known as cytoplasm. 
It consists of the matrix and the organelles. Matrix is an 
amorphous, transluscent, homogeneous colloidal liquid p 
as hyaloplasm Or cytoplasmic matrix. 

Functions : Cytoplasmic matrix contain machinery for carrying 
out the instructions sent from the nucleus. Cytoplasmic matrix 
contains glycolytic enzyme and structural material such as sugars, 
amino acids, water, vitamines, nucleotides, etc. 

C. Cytoplasmic organelles : The organelles are living structures 
of the cytoplasm. The structures and functions of important 
organelles are mentioned below. 

Functions of organelles: They perform yarious important 
biosynthetic and metabolic activities such as transportation, 
support, storage, reproduction, respiration, etc. 

1. Golgi complex: It consists of cisternae and vesicles 
covered by single smooth membrane made up of lipoprotein. 
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Functions: It stores the synthetic proteins and enzymes of 
cells and form secretary vesicles and lysosomes. 


2. Endoplasmic reticulum: These are inter-connecting 
tubules and vesicles bounded by a single unit membrane. The 
membrane, may be rough (granular, due to presence of ribosomes) 
or smooth (absence of ribosomes). 


Functions: Endoplasmic reticulum acts as storage and 
synthetic organ. It acts as an intracellular circulatory system. 
It forms cytoplasmic frame work and thus provides mechanical 
support to the cell. 


3. Lysosomes (Animal cell only): These are tiny spheroid 
particles consisting hydrolytic enzymes enclosed within single 
lipoprotein membrane. 


Functions: They are mainly concerned with intracellular 
digestion of food material which comes in the cell by pinocytosis 
and phagocytosis. 


, 4. Ribosomes: These are minute spherical nonmembraneous 
structure composed of two structural unequal sized subunits. The 
smaller subunit is called 40s subunit and a larger subunit is called 
60s subunit. It is found freely in the cytoplasm or remain attached 
to the surface of endoplasmic reticulum, nucleus, etc. 


Funetions: They are the sites for protein Synthesis. 


5.! Mitochondria: They are filamentous or granular hollow 
structure bounded by a double lipoprotein membranes. The. inner 
granulated membrane is convoluted to form cristae and it divides 
the mitochondria into two chambers, the outer chamber and 
matrix filled inner chamber. 
power house of the body 
TBy as ATP through Krebs cycle, electron 


transport chain, beta-oxidation of fatty acids, etc. 


These are disc shapped 
by double membranes. 
matrix is present. The 
es called grana. Each 
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contains small structure called quantosomes which are the units 
for photosynthesis. : 


Funetions: Structures for storage of starch, pigments, etc. 
The chloroplasts help in the biosynthesis of food stuffs by the 
process of photosynthesis. 

7. Centrosome (Animal cell only) : The centrosome contains 
dense cytoplasm and it is located near the nucleus of the animal 
cells. During cell division the centrioles appear as two cylindrical 
structure which are placed at right angles to each other. 


Functions: Centrioles form the spindle and help in the 
movement of chromosomes during cell division. 


8. Cilia and flagella: These are hair like cytoplasmic 
projections outside the surface of the cell. Cilia are numerous in 
number whereas flagella usually single in number. Each flagellum 
or cilium originates from basal body and consists of eleven 
(94-2) microfibrils. 


Functions : They help in locomotion of the cell. 


9. Vaeuoles (Plant cell): Vacuoles are the characteristics of 
mature plant cells. They consists of an aqueous solution cell-sap 
which is surrounded by a single membrane tonoplast. 


Mitochondrion 


Chromosome Cell membrane 


N 

entromere : 
C SE ne e Golgi apparatus 
L N s Án (Dictyosome) 
b DRM Vacuole 
S ; 


membráne i Zy - Cell wall 


y — Plasmodesma 


Ribosomes : 
Chloroplast 


Endoplasmic reticulum (rough) 


Fig. 2°15, Diagrammatic structure of typical plant cell 
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Functions : Vacuoles act as a storehouse for excess water, 
waste products, soluble pigments, etc. 


10. Microtubules and microfibrils : These are non membran- 
eous ultrafine tubules found in the cytoplasm of plant and animal 
cells. These are made up of tubulin protein. 


Functions: Microtubules are responsible for the transport 
of water, ions or small molecules and formation of asters, cilia, 
flagella, etc. Microfibrils maintain the structure of cell and form 
contractile components of muscle cell. 


D. Nucleus: Itis the controlling centre of the cell. It is 
generally round in shape and located at the centre of the cell. 
Typically it consists of three kinds of components. 


(i) Nuclear membrane: It consists of two membranes 
separated by perinuclear Space and perforated by pores. Each 
membrane is made up of lipoprotein. It is the membrane through 
which the nucleo-cytoplasmic interchange takes place. 


(ii) Nueleoplasm: The Space between the nuclear membrane 
and nucleolus is filled with Clear water substance called nucleo- 
plasm. It contains ribose Sugar, phosphorus, protein, nucleic 
acids and nucleotides, : 


(iii) Nucleolus : One or two small dense spherical bodies 


lasm are called nucleolus which is mainly 
en and covered by single membrane, 


Gv) Chromosomes: The nucleoplasm contain  thread-like 


elongated structure known as chromosomes. They appear only 
during cell division. 


Functions: (a) Nucleus acts as a life-centre for the cell, 
(b) Nuelear membrane Provides partition between nucleus and 
cytoplasm, (c) Nueleolus Syuthesizes RNA 
ribosomal protein. j 


hereditary instructions 


ribosome and 
(d) Chromosomes. are the bearers of 


and regulation of cellular processes. 


Comparison between prokaryotic a 


Features 


l. Structure : 


bo 


. Size: 


. Plasmalemma . 


I] 


y» 


. Cell wall 


5» Capsule : 


6. Cytoplasm : 


7. Cytoplasmic 
Organelles 


(i) Endoplasmic 
reticulum: 


(ii) Mito- 
chondria : 


(iii) Golgi 
Complex : 


(iv) Chloroplast : 
(v) Ribosome : 


8. Nucleus : 


(i) ` Nuclear 
membrane ; 


(i) Nucleoli : 


(iii) Chromo- 
somes 2 


(iv) DNA: 
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TABLE 2:1 


Prokaryotes 


VOIE cg SERE EINER Me ded 


1. Simple, usually 
Unicellular. 


2. Smaller, 0'1 to 0'25 um 
in diameter . 


3. Present, gencrally lacks 


sterols. 


4. Generally present, com- 
posed of aminosugar and 
muramic acid (heterogene- 
ous). 


5. Present, wade up of 
mucopolysaccharide, 


6. Present. 


(i) Absent, 
(ii) Absent: 
(iii) Absent, 


(iv) Absent, in some prok- 
aryotes chromatophore 
are present. 

(v) Present, 

small. 


One type— 


8, Absent, but consists of 
central component known 
as nucleoid. 


(i) Absent (characteristic 
feature) 


(ii) Absent, 


(iii) Present, single in the 
nucleoid. 


(iv) Present, naked. 


nd eukaryotic cells- 


Eukaryotes ' 
du n o RD m ERE 


1. Complex; usually 
multicellular, sometimes 
unicellular. 


2. Bigger, 0'5 pm to 55 
um in diameter. 
3. Present, sterol presente 


4. Absent in animal cell, 
present in plant cell, 
composed of cellulose 
(homogeneous): 

5. Absent. : 


6. Present, 


(i) Present. 

Gi) Present, 

(üi) Present. 

(iv) Present in plant cell. 
(v) Present, Two types 


large and smal 


8, Present, true nucleus, 


(i) Present, 


(ii) Present. 


(iii) Present, multiple i 
number. 


(iv) Present; Complexe 
with protein. 


p c -— $ 
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Cont —TABLE No. 2.1 


ple et duo e Le 
Features Prokaryotes | Eukaryotes 


9+ Locomotion: | 9. Present-due to presence of | 9, Present--due to cilia 

flagella, (Simple; an and flagella. j 

aggregate of protein). (Complex, with much 
ultra structure). 


10° Exocytosis 10, Absent. . 10. Present. 
and Endocyto- 
sis : 


1l. Cell division :| 11. Amitosis, simple fission. | 11. Mitosis and meiosis. 


——————————— ÉL 


@ DIFFERENT PARTS OF EUKARYOTIC CELL @ 


Detail structure and functions of different parts of the cell 
are follows :— 

Celleovering: The animal cell is bounded by cell mem- 
brane only whereas the plant cell is bounded by both cell mem- 
brane and cel] wall. 


2-17. CELL MEMBRANE : 


All cells are bounded by a thin membrane called celi 
membrane or cytoplasmic membrane or plasmalemma or plasma 
membrane. 


Definition: A living, ultra-thin, elastie, porous selectively 
permeable membrane that separates the cell content from the 


external environment is known as cell membrane or plasma 
membrane. 


Origin: The term cell membrane was first coined by C, Nageli and C. 
Cfamer in 1855 and. the term plasmalemma has been given by J. Q. Plowe in 
1931, According to some worker plasma membrane originated from 
endoplasmic reticulum, Some holds that plasma membrane is formed by the 
modification of outer surface of the cytoplasm, X 


Occurrence : Plasma membrane lies between the cell wall and cytoplasm 


in the bacterial and plant cells and it is the outer limiting 


membrane of most 
animal cells. 


cell membrane is porous, 
thin and invisible. Sometimes the membrane may be distinguished 
because it is either folded to form brush border or sac like 


structure called pinocytic vacuoles. Brush border, when examined 
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under electron microscope, looks finger like processes called 
microvilli. In between two adjacent cells, the plasma membranes 
become thicker in certain regions. From this areas many fine 
filaments known as tonofilaments radiated towards the interior 
of the cell. Such thickened areas of plasma membrane are known 
as desmosomes. 


Fig. 2:18. Strueture of plasma membrane. 


According to Danielli and Davson (1935) the plasma 


membrane is about 75À 80A in thick. They also observed that 
the membrane is made up of trilaminar (triple-layered) 
structure. J. D. Robertson oa described this basic trilaminar 


earner 
ELLE 


AAA V SS V SV X Outer protein layer 


Inner Protein layer 
i Polarend 


Fig. 219. The Unit membrane model of Robertson, 


structure of all cell membrane as unit membrane model. At high 
magnification with elcetron microscope, the cell membrane consists 


of double ( bimolecular ) layers of lipid molecules of 35A thick. 
They are sandwiched within the two densely stained protein layers. 


The thickness of each protein layer is 20A. Lipid layer is mostly 


60 A TEXT BOOK OF BIOLOGY 


phospholipids of which the head ends contain the water soluble 


and positively charged phosphate group called polar ends while 


the tail ends contain the water insoluble and negatively charged 
lipid group called non polar ends remain side by side. (Fig. 2.19) 
The polar ends remain attached to protein layers probably by the 
hydrogen bonds, ion bonds or electroscopic forces. 


The fluid-mosaic model; This model was observed by Singer and 
Nicholson (1972), The lipid-globular protein mosaic model suggests, as the name 
implies, that instead of a continuous layer, of protein on the surfaces of the 


‘membrane there is discontinuous mosaic; globular proteins. They remain 


Phospholipid 


i Globular protein Sterol 


Fig. 2:20, Fluid-mosaic model of Singer and Nicholson, 


partially embeded in and partially protruding from the phospholipid bilayer. 
There are also some discontinuous pheripheral globular proteins arranged 
along the surface of the phospholipid bilayer. 


Functions of Plasma membrane : 


l. Transport: The proteins and enzymes present in the 
membrane are involved in transport of certain substances such as 
sugar, sodium and other ions, etc. across the membrane. 

2. Protection: It protects the internal structures of the cell 
and different organelles of the cytoplasm. 


It al intains 
the shape of the cell. so maintains 


3. Acts as selective permeable membrane ? Some substances 
are allowed to pass through the membrane while others are not. 
Thus it controls the permeability of the cells and helps in the 
transport of selective materials from and. to the cells. 
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4. Role in exosmosis and endosmosis : Plasma membrane 
is permeable to water molecules. Thus to and fro movement of 
water molecules through the plasma membrane occurs due to the 
differences in concentration of water molecules on its either side. 

5. Rolein endocytosis and exocytosis : Endocytosis is an 
important function of cell membrane of certain cells. It is the 
process by whieh the materials are transported into the cells 
by formation of vesicles. Endocytosis includes two processes 
i.e., phagocytosis (cell eating) and pinocytosis (cell drinking). 

Exocytosis is the reverse process of endocytosis. In this 
process the membrane of the cytoplasmic vesicle fuses with the 
plasma membrane and releases its contents outside the cell. 

6. Role in formation of endomembrane system : The mem- 
branes on the cytoplasmic organelles and nucleus probably formed 
from the plasma 


membrane. ~ RoughER Celli 


Membranous vesicles membra 
orginating trom ER we 


7. . Chemore- : sees ORTES 
ception: The cell ME CEN NER 5) «d Goloibodies 
membrane of cer- 

iain animals con- Q 

tain chemorecep- 
tors which receive 
chemical stimu- 
lation. 


| Secretionof 


8. Control of 
secretion : Secre- 
tory vesicles, after Nucleus 
formation from 
Golgi complex, Fig. 2:21. Diagram showing probable formation: 
move towrads the of Golgi bodies from ER and their process of 


cell membrane and secretion, 
fuse with it. It is then secreted from the membrane (Fig. 2°21). 


Golgi body with} 
secretory Substance 


Ribosome) 


9. Transmission: The transmission of nerve impulse takes. 
place at the surface membrane of the nerve cells. : 

Phagoeytosis ( Gr. phagein, to eat; kytosis, cell): The 
process by whieh large sized solid substances (foods or foreign 
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particles) are taken by the cell through the cell membrane and 
ingested by the cell is known as phagocytosis. It occurs mainly in 
Qn particle ; protozoa and certain cells of 
Fluid droplet: metazoa. In the protozoa it 

serves for the nutrition of the 
cell whereas in the metazoa it is 
a method of defence against 
foreign bodies like bacteria, 
dust and“ various colloids. 
Phagocytosis involves folding 
of cell membrane around the 
material that is being engulfed 
and subsequent formation of 
intracellular vesicle ( phago- 
some). The phagosome fuses 
with primary lysosome to form 
secondary lysosome in which 
food materials are digested by 
enzymes. Examples — phagocy- 
tosis of bacteria, W.B.C on etc. 


Pinoeytosis (Gr. pinein, to 

Fig. 222, The process of drink; kytosis cell) : The 
(A) phagocytosis & (B) Pinocytosis. | process by which fluid material 
(contain organic molecules or nutrient materials) in bulk 
(pinosome) is taken by the cell through the cell membrane 
is known as pinocytosis. The presence of protein seems to act 
as a stimulus to this process. During this process cell membrane 
forms a membranous vacuole around the pinosomes which is then 
transported to the interior of the cell where it is fused with the 
lysosome to form the digestive vacuoles. 


Both phagocytosis and pinocytosis are the active mechanism 
that take place in presence of energy. 
2°18. CELL WALL : 


Definition: The semirigid, laminated, nonliving outer- 
most cellulose coat present on the plasma membrane of the plant 
coll and bacteria is known as cell wall. 

The protoplasm of the plant cells is separated from the external 
world by the cell wall which is entirely lacking in animals. 
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EIN 
meg [tian wall 


Middle lamella 


Three-layered 
Secondary wall 


TT 


re Primary wall 


' Fig. 223. Arrangement of cell wall. 
Origin: The cytoplasmic organelles like endoplasmic reticulum, Golgi 
complex, ete take part for the formation of cell wall. During cytokinesis small 
j vesicles of endoplasmic 
27 bodies reticulum migrate to the 
Sie ee) equator of the dividing 


Se 
KS) 9 37 cell and fused with one 
o (Xe 2 s EN ; 
s another to form barrel- 


"OPES reticulum shaped discontinuous cell 

, plate or  phragmoplast. 

K o A om Golgi bodies synthesizes 

i [ N ew. | all the polysaccharides as 
CelLplate Y plasmodesmata > Pectin, hemicellulose 
Primary cell wall : of « - cellulose microfibril 


of cell wall of plant cells. 

I- All these polysaccharides 

Middle lamella along with cell plate help 

Fig. 2:24. Diagram showing formation of cell wall. in the cell wall formation: 

Structure: The cell wall is complex in nature. Three layers 

can be distinguished in the cell wall, these are the middle lamella, 

the primary cell wall and the secondory cell wall. Occasionally 
a tertiary cell wall (Fig. 2:23) may also be present. 


1. Middle lamella: Comparatively thin viscous and Jelly- 
like intercellular cementing material present in between 
the primary cell walls of two adjacent cells is known as 
middle lamella. 

Middle lamella is first formed after cell division. It is mainly 
composed of pectin, cellulose, calcium, etc. It acts as intercellular 
cement which binds the cells together. > 

2. Primary cell wall: The outermost thin elastic 
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permeable menibrane situated on both sides of the middle 
lamella is known as primary cell wall. 


Cell vacuole 


Fig. 2.25. Arrangement of different layers of cell wall. 
Primary cell wall is formed during the early stages of growth 


and development. It is com- 
posed of cellulose, hemi- 
cellulose and pectic com- 
pound. It is situated on both 
sides of the middle lamella. 
It is 1 to 3 um thick. 

8. Secondary cell wall: 
The thick permeable cell 
wall present inner side of 
the primary cell wall is 
known as secondary cell 


wall. 
As the cells mature and 


differentiate, the secondary 
Middle layer cell wall is deposited. Thus 
further ce i es. 

L Secondary cell walt ll expansion ceas 
| Secondary cell wall is com- 
Inner layer posed of organic compounds 
like cellulose, hemicellulose, 
Fig. 2.26. Diagram showing the arrange — Jionin suberin, cutin, wax 
ment of primary and secondary cell gnin, d dite x3 
layers in cell wall. etc. and inorganic salts like 


Uu 

Y" Outer layer 
jey 

\ 

| 

l 
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calcium carbonate and oxalate, silica, etc. It is situated in between 
the plasma membrane and the primary cell wall. It is about 5to 10 
um thick. The secondary cell wall commonly has-three layers, such 
as thin outer layer, thick middle layer, and thin inner layer. 

In some cells a very thin tertiary cell wallis formed on the 
inner surface of the secondary cell wall. It is made up of xylan 
instead of cellulose. : 

Ultrastructure of cell wall: Electron microscope has revealed that 
the cell wall is composed of two main parts i.e, macrofibrils and matrix, 


Maerofibril Microfibril Micelle CelhiloseChain Glucose 
(054m) (2504) (2 mol) 


Fig, 2:27. Electron microscopic Strueture of cell wall showing the 
structural materials, Ey : 


(1) Each macrofibril is 0.5m in width and consists of bundle of microfibrils, Each 
microfibril is about 250 A? in 
diameter and consists of Plasmodesmala 
bundle of micelles or elemen- 

n ENS Cell wall 
tary fibrils. Each micelle is \ T 

o1 H " 

ded A? in diameter and ; Middle 
contain about 100 cellulose d Lamella 
chains, Cellulose is a poly- 
saccharide made of glucose 
arranged side by ^. side. 
(2) Matrix consists of largely 
of polysaccharide. Init the 
microfibrils of cellulose and 
other polysaccharides are 
embeded. 


Plasmodesmata : The 
cell wall do not form a 


continuous. layer but : 
y Fig. 228. Strueture of plasmodesmata 
have many small openings in plant cell, 


Bio-5 


\ 
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or pores. Through these pores the cytoplasm of one cell commu- 
nicate with the cytoplasm of adjacent cells. Such cytoplasmic 
bridges between adjacent cells are known as plasmodesmata 
(sing., plasmodesma). 


Thickening of cell wall: Unequal and irregular deposition (presence) of 
primary cell wall on the secondary cell wall produce peculiar patterns of 
ornamentation on the cell wall which are as follows : 

1. Annular: The materials of the secondary cell wall are deposited 
inside the primary cell wall in the form of rings at regular intervals, Thus 


it looks as ring-like thickeings. This type is present in the protoxylem 
vessels. 


2. Spiral: The matter of the secondary cell wall are deposited inside 
the primary cell wall in spiral manner. This is also found in protoxylem 
vessels. 


= 
= 
E 
= 
= 
rm 
= 
s 


Fig, 2729. Thickenings of the cell wall : A. annular, B. spiral, C. scalariform, 
D. reticulate, E. simple pitted and F. Bordered pitted. 


3. Scalariform : The secondary wall matters are de 
thus forming staircase-like structure, 

4. Reticular : 
irregularly on the 
structure. . 


posited irregularly, 


The. matters of the secondary wall are deposited 
primary wall and thus it looks network-like 


5, Pitted: The matters of the secondary wall are deposited uniformly all 


over the primary cell wall except certain areas. These areas look like cavities 
which are known as pits, 


Pits : Pit generally occurs in pairs called pit pairs i.e., 
onone cell, a complementary pit will be formed just on the opposite side 


of the adjacent cell: Pits are usually found in non-living cells like tracheids 
and fibres. Pits are of two types i.e., simple pits and bordered pits- 


when a pit is formed 


1, Simple pits: They have no projecting margin or border around the 
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aperture. Simple pits are found in sclerids, xylem parenchyma, ordinary 
parenchyma cells, vessels, etc. 

2. Bordered pits: These type 
of pits are provided with projecting 
margin or border, They consist 
of (i) pit chamber—it is the area 
within the pit, (ii) pit aperture—it 
is the aperture through which 
the pit chamber opens outside, 
(iii) pit membrane—adjacent pits- 
are separated by the middle A 
lemelia andthe. primary;cellywall Fig. 2:30. Diagrammatic structure of . 
together form pit membrane. It (A) simple pits, (B) three dimensional 
may have a thickening called the — T, Sof a simple pit and (C) L. B. of a. 
torus which is formed by the simple pit. : 
circular deposition of microfibrils. 


Outer Pit membrane 
perature 
Border 
pee 
Inner: Pitaperture 
aperture Pitchamber: 


Fig: 2:31, Diagrammatic structure of (A) bordered pits, (B) same Le S. three 
dimensional, (C) same L., 8. two dimensional. 


Functions of cell wall ¢ 


1. Protection: The cell wall constitutes a kind of semirigid 
exoskeleton that provides protection and mechanical support to 
the plant cell. 

2. Maintain cell shape: Cell wall acts like skeletal frame 
work and thus gives the cell its characteristic shape and size (as 
bacteria). 

3. Maintain continuity between adjacent cell : The plasmo- 
desmata of the cell wall establish continuity between adjacent cells, 
thus permits the circulation of fluid and probably also allows the 
exchange of solutes and certain molecules. 
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4. Helps in diffusion : As the cell wall is permeable, water 
and salts can easily diffuse in and out through it. 


Table No. 9:9 
Differences between plasma membrane and cell wall. 


Plasma membrane 


1. It is present both in 


animal and plant cells. 

2. It is present outside 

the protoplasm (cytoplasm) of 
all living cells. 

3. It is a living material 
of a cell, 

4. It is made up of lipid 

and protein (lipo-protein). 

5. It is made up of lipo-pro- 

tein. Three consecutive layers, 
protein lipid and protein. 

6. It is thin and elastic. 


7. It has some  speciali- 
sed structures like microvilli 
and desmosomes. 


8. It is semipermeable. 

9. It has phagocytic and 
pinocytic functions. 

10. Cell membrane shows 


no pattern of ornamenta- 
tion. 


Cell wall 


Rec oS ae A mcs MAE 


1. It is present only in 
plant cells. 

2. It is present outside 
the plasma membrane ofa 
plant cell. 

3. It is non-living mat- 
erial of a cell. 

4. It is made up of 
cellulose and pectin. 

5. It is made up of 
middle lamella, primary wall 
and secondary wall. 

6. Itis comparatively thick 
and rigid. 

7. Between the adjacent 
cells there are cytoplasmic 
bridges known as plasmo- 
desmata. 

8. Itis permeable. à 
9. It has no phagocytic 
and pinocytic functions. 

10, Cell wall shows different 
patterns of ornamentation. 


UIN NUI? UTEEI ETT TOC UNTER e RE EP EE EE a ES QR 


2:19. PROTOPLASM : 


Protoplasm (Gr, Protos, first ; plasma, form) : 


(a) Definition : 


(1) The viscid material constituting the 


essential substances of living cells, upon which all the vital 
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functions like nutrition, secretion, growth, reproduction, irrita- 
bility and mortality depend, is known as protoplasm. 

(2) Protoplasm was defined as the physical basis of life, — 
Max Sehultze (1825-1874) and Thomax Huxley (1880). 

The term ‘protoplasm’ was first used by the Bohemian phy- 
sioclogist Johannes Purkinje (1839). Protoplasm consists of two 
parts—cytoplasm and nucleus. 


(b) Composition of ‘protoplasm 


Fig. 2'32. Chemical composition of protoplasm—(A) Plant cell and 
(B) Animal cell. : 
. Table No. 2:3 
The average composition of plant and animal cells protoplasm 


are as follows : 
—— —ÓM—— 


Substances Plant Animal 
1. Water 15% 6196 
2. Fats : 1% 13% 
3. Proteins 2% 15% 
4. Carbohydrates 20% 1% 
5. Mineral solids 2% 4% 
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2°20. CYTOPLASM : 

Cytoplasm ( Gr. Kytos, hollow ; plasma, form ) 3 

Definition : (1) The protoplasm which surrounds the nucleus 
and is bounded peripherally by the cell membrane is known as 
cytoplasm. 
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(2) The homogeneous vacuolated, granular colloidal semi- 
fluid substance present in between the nuclear and cellular 
membrane is known as eytoplasm. 

Cytoplasm is composed of three types of structures, the 
cytoplasmic matrix, the cytoplasmic organelles and the cytoplas- 
mic inclusions or ergastic substances. 


2°21. CYTOPLASMIC MATRIX OR CYTOSOL : 


(a) Definition The homogeneous transparent colloidal fluid 
that remains after the removal of all the cytoplasmic organelles 
and inclusions is known as eytoplasmie matrix. 


(b) Parts of cytoplasmic matrix: The cytoplasmic matrix 
is also known by various other names, such as ground cytoplasm, 
hyaloplasm and kinoplasm. The cytoplasmic matrix forms the 
most essential part of the cell because it is the seat of all 
biosynthetic and  bioenergetic functions due to presence of 
enzymes. The peripheral part of the matrix is comparatively 
non-granular,less viscous, clear and elastic nature ; is knownas 


ectoplasm Or ectoplast or plasmagel. The inner part of the 
matrix is granular and viscous, is Known as endoplasm or 
endoplast. The thin layer of matrix present arround the 
large vacuoles is known as tonoplasm or tonoplast. 


(c) Physical nature of matrix: There has been a lot of 
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Fig. 2:33. Physical characters of protoplasm. 


controversy about the physical nature of the matrix. Different 
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workers advanced different theories about the physical chara- 
cteristics of the matrix, some of which are given below : 

1. Reticular theory: ( Frommann—1784) : This theory 
proposed that the cytoplasmic matrix is composed of reticulum 
offibres or particles. Example—cell-body of neurone. 

2. Alveolar theory (Butschili—1892): This theory holds 
that matrix contains minute bubbles, suspended alveoli or 
droplets. 

3. Granular theory (Altmann-1893) : This theory supports the 
view that matrix contains many living granules called bioplast. 

4. Fibrilar theory (Velton-1873 and Flemming-1882) : Accord- 
ing to this theory the matrix is fibrilar in nature. 

5. Colloidal theory (Wilson, Fisher—1894 and Hardy—1899) : 
According to recent concept, the matrix is partly a true solution 
(crystalloid solution) and partly a colloidal system. 

(d) Properties of cytoplasmic matrix: As cytoplasmic 
matrix isa colloidal substance, it exhibits a number of properties 
(optical, electrical, etc). ; 

(1) Brownian movement : Due to the impact ofthe solvent 
molecules, the colloidal particles of the matrix always moye in . 


Fig. 2:34. Movements of protoplasm : above—eyclosis, below—rotation 


azig-zag fashion. This type of movement was observed by Scottish 
botanist Robert Brown in 1827 in a colloidal solution. 
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Beside Brownian movement eyclosis i.e., streaming of matrix 
occurs in some plant cells. It is due to phase-reversal property 
of cytoplasmic matrix. Cyclosis are of two types,—rotation and 
circulation (Fig. 2:34). 


2. Faraday-Tyndall's phenomenon: When a beam of light 
is passed through the colloidal cytoplasmic matrix and observed at 
right angle, the track of light which is invisible in a crystalloid 


solution, may be visible here as white line, 1t was first reported by 
Tyndall (1820-1893). 


3. Electrical phenomenon : Colloidal particles of matrix carry 
electrical charges which may be positive or negative. 


4. Osmotie pressure : Colloidal matrix exerts some osmotic 
pressure. 


5. Imbibition of water: Colloidal particles can imbibe a 
good amount of water. 


6. Irritability: It is the fundamental and inherent property 
ofthe matrix, It possesses a sensitivity to the stimulation. 


qd Conduetivity : The conduction of irritation ( excitation ) 
as shown in the neurone is another important property. 


(e) Functions of eytoplasmic matrix : 
ds 


2. Growth: 
cell, new protopla 
increase in amou. 


Due to secretory or anabolic activities of the 
sm continuously increases in its volume. The 
nt of matrix causes growth of the cell. 


3. Reproduction : The cytoplasm has the function of asexual 
and sexual reproduction, 


4. Maintain osmotic pressure: Since matrix is a emulsoid 
colloid, thus it maintains the colloidal osmotic pressure of 
the cell. 

5. Imbibition : Since colloid readily imbibe water, a good 
deal of water remains stored in the cells of animal and plant 
body. 
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2:22. CYTOPLASMIC ORGANELLES : 


Definition: Some specific small living organs found in 
the eytoplasmie matrix of all eukaryotie cells and which are 
concerned as organised units of living substance possessing im- 
portant specific functions in cell metabolism are known as cyto- 
plasmic organelles. 

The different types of organelles are classified as follows — 

1. Membranous organelles: (a) Single membranous 
organelles—it includes the endoplasmic reticulum, the Golgi com- 
plex, the lysosome and the vacuole. These organelles generally 
help in synthesis, secretion and digestion. ; 

(b) Double membranous organelles—it includes the 

mitochondria and the chloroplast. These two are transducing 
organelles. 

2. Non-membranous organelles—the ribosome. 

3. Cytoskeleton and cell contractile system —the microtubules 
and microfilaments (the centrosome). 


2:23. ENDOPLASMIC RETICULUM (ER) : 


(a) Definition: An interconnected system of membrane- 
bounded tubules and vesicles which form irregular reticulum or 
network-like structure in the cytoplasmic matrix is known as 
endoplasmic reticulum. 

Porter, Claude and Fullam (1945) first used the name of endoplasmic 
reticulum after observing it under electron microscope, 

Occurrence : All nucleated animal and plant cells contain endoplasmic 
reticulum. The term was coined because it was first thought that this mem- 
branous system was confined to the endoplasmic (inner) region of the cyto- 
plasm, But now it is known that it extends throughout the cell cytoplasm 
i.e., from nuclear membrane to plasma membrane, 

Origin: According to some observer the ER is originated by the 
invagination of nuclear membrane. Some suggested that ER grow through the 
expansion òf the pre-existing membrane, 

(b) Structure : Morphologically the endoplasmic reticulum 
has three parts such as cisternae, vesicles and tubules. They remain 
bounded by a single unit membrane. : 

1. Cisternae : These are long, flattened, unbranched membrane- 
bound tubules. They are arranged parallel to each other to form 


lamellae. 
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2. Vesicles: These are oval, membrane-bound isolated 
vacuolar structures. 


Ribosomes Cisternae 


Fig. 2:35. Different parts of endoplasmic reticulum, 


3. Tubules : These are long, branched Structures forming the 
reticular system along with cisternae and Vesicles, 


The single unit membrane—this is 50 to 60 A thick and is present 


9n the endoplasmic reti- 

Endoplasmic culum. Like the unit mem- 
Reticulum 

Ml og brane of plasma membrane 
it is also made up of lipo- 
Protein (Protein . lipid- 
Protein), There are two 
types of ER, the rough 
endoplasmic reticulum when 
they have attached ribo- 
Somes or the Smooth endo- 
plasmic reticulum when 
they do not have attached 


: Membranes 


Cisternae ribosomes with them, 
atrix (€) Functions of ER: 
Fig. 2:36, Three-dimensional structure l. Mechanical] Support : 


of rough ER. Endoplasmic reticulum 
forms the skeletal framework of the Cell. It gives Support to the 
cytoplasmic matrix, 
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2. Circulation and exchange: ER acts an intracellular 
transport system for various substances and also helps in exchange 
of the materials between nucleus and cytoplasm. 


3. Synthetic and storage functions $ Ribosomes, present on 
therough endoplasmic reticulum, synthesizes protein. Smooth: 
endoplasmic reticulum synthesizes lipids, glycogen, cholesterol, 
etc. 


4. Synthesis of hormone = Cells of testis and corpous 
luteum of ovary are rich in endoplasmic reticulum. These 
BR are concerned with the synthesis of respective steroid 
hormones. 


5. Secretion of HCL: The BR of parietal cells of stomach 
helps to secrete hydrochloric acid. 1 


6. Detoxification ? Smooth endoplasmic reticular membrane 
contains an enzyme which protect the cell from the effects of 
various substances by its detoxification properties. 


7. Conduction of impulse: The ER membrane take part 
to conduct intracellular impulse as seen in the muscles (sarco- 
plasmic reticulum). 


8. Rolein nuclear division : ER membranes form the new 
nuclear envelope after each nuclear division. 


2:24 GOLGI COMPLEX OR GOLGI BODY 3 


(a) Definition? In the cytoplasmic matrix of almost all 
eukaryotic cells, the stack of flattened, membrane-bounded, 
parallely arranged sacs and other vesicles usually located near 
the nucleus and involved in secretion. processes are known as 
Golgi body- » 

After special staining techniques by osmium tetroxide Camillo Golgi in 1898; 
observed some organelles near the nucleus of the nerve cells of the barn owl. ` 
According to the name of the discoverer this organelle is known as Golgi com- 
plex or Golgiosome, Golgi bodies or lipochondria, etc., In plant cell it is called 
dictyosome. 
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Occurrence: In the cytoplasm Golgi bodies are generally present near the 


nucleus, but in the gland cells they are found between the nucleus and apex of 
the cell, 


Shape, size and number: The shape of Golgi body is quite variable in 
different somatic animal cells, Tt is large in nerve and gland cells but small in 
muscle cells, The size is linked to the funetional state, Golgi body is 
generally single large structure. The nerve cells, liver cells and most plant cells 
have mul tiple Golgi bodies. 


Origin: The Golgi bodies are constantly being formed, changed, broken 
down and reformed. They are formed from plasmamembrane, nuclear envelope 


(b) Strueture : In general, the Golgi bodies consist of three 
membranous components that' can be identified through the 


electron microscope, these are cisternae, small tubules and vesicles 
and large vacuoles, 


l. The Cisternae or Flattened Saes: These are Parallely 
arranged sacs. They are covered by smooth-surfaced Single mem- 
brane and piled one upon the other to form S 
ofsacs in the Stack ra 


on the cell type, The ci 


Fig. 2:35, Golgi bodies—-(A) *Electron 
'(B) Transverse Section of ‘A’ Showing differ 


microscopic Structure and 
ent parts of Golgi bodies. 


concave maturing face (Fig. 2:37). 
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the cisternae arise a complex anastomosing flat network of 
tubules and thus forming fenestrated plate (having small 
pores), 

2. The small vesicles: The vesicles are small droplet-like 
sacs and originate from the cisternae by budding or "*pinching-off" 
process. 

3. Large vacuoles: The large vacuoles (secretory granules) 
are clear structures and lies at the maturing face. They are 
formed by the dilatation of the edge of the sacs and finally 
they are detached off as secretory vesicles. They contain electron- 
dense material. 


Forming face 


e e a 
: „Maturingface. A; 
m Sai 


" . Nesicles S 3 
A (Nacuoles) Large Secretory 
Granules 


Fig 237. Golgi bodies (A) Three dimensional structure (B) Formation 
of secretory granules (vesicle) from the maturing faco, 


(c) Functions of Golgi bodies- 


(1) Formation of secretory vesicle : The two terminal ends 
of the Golgi cisternae are pinched off to form secretory vesicles 
which contain zymogen granules. These granules discharge their 
contents outside through the cell membrane (Fig. 2:38). 

2. Formation of plasma membrane > Secretory granules 
originating from the Golgi bodies fuse with the plasma membrane 
and thus helps to form new plasma membrane (Fig. 2°21). . 

3, Formation of cell wall: At the end of mitosis cell wall 
is formed from the Golgi bodies (Fig. 2:24). 


4. Formation of lysosome è Primary lysosomes are formed 


by the Golgi bodies. 
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5. Role in protein secretion : Proteins are synthesised in 
ribosome attached to the ER. This protein goes from ER to Golgi 
bodies where it is concentrated into zymogen granules. These 


granules released from the Golgi bodies migrated to the surface 
of the cell. 


Pitiecytic vacuole 
Plasma membrane 


3 lysosome: 
eg pa Primary lysosome 
Secretory vesicle 
Endoplasmic reticulum 
TK © 
R Annulate Lamellae 
® 
FE Nuclear membrane 


Ribosomes- 


Fig. 2:38, Dragrammatic rep 
(complex) from ER, and form 
plasmamembrane and the proce 


Tesentation showing origin of Golgi bodies 
ation of Secretory vesicle 


S, primary lysosome, 
SS Of exocitosis, 


6. Synthesis and secretion of polysaccharide : By different 
experiments it has been observed that the polysaccharides are 


formed in the Golgi bodies of the goblet cells particularly the 
polysaccharide parts of the glycoprotein, 


7: Role in formation of acrosome $ 
lies in front of the nucleus of 
Golgi bodies. 


Acrosome is a head-cap, 
the sperm. It is formed by the 


8. Role in neuroseeretion : 


Golgi bodies Synthsize neuro- 
secretory materials, hence it is resp 


onsible for neurosecretion. 


CELL STRUCTURE 79 


Table 2:4 


Comparison between endoplasmic 


bodies : 


Endoplasmie reticulum 


1. It is a single membrane 


bounded organelles present in 
the cytoplasmic matrix of all 
eukaryotic cell. 

2. It occurs throughout the 
cytoplasm. 


3. It is an interconnected 
system of membrane-bounded 
tubules and vesicles which 
form netlike structure. 

4. The membrane is smooth or 
rough-surfaced due to absence 
or presence of ribosomes. 

S. TIE three 
parts i.e. cisternae, vesicles 
and tubules. 

6. It is of great importance 
for the synthesis and transport 
of materials within the cell. 


consists of 


7. It forms an ultrastru- 
ctural skeletal frame work of 
the cell. 


reticulum and Golgi 


Golgi bodies (complex) 


1.. It is also a single 
membrane-boundedcytoplasmic 
organelles present in all euka- 
ryotic cell. 

2. It occurs in the cytoplasm, 
generally near the nucleus. 


3. It is the stack of mem- 
brane-bounded parallely arran- 
ged sacs and other vesicles. 


4. The smooth - surfaced 
membrane is present on all 
parts. 

5. It consits of three parts, 
ie., cisternae, small vesicles 
and large vacuoles. 

6. It is in the packaging 
and transport of certain 
materials (protein, polysacch- 
arides) out of the cell. 

7. It does not form frame 
work of the cell. 
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2:25. LYSOSOME : 


Lysosome (Gr., /ysis, dissolution ; soma, body). 

(a) Definition ¢ In the cytoplasm of animal cell a single mem- 
brane-bounded tiny spheroid or irregular vesicles filled with 
hydrolytic enzymes and involved in intracellular digestion are 


known as lysosomes. 
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By 1949, a type of partieles was isolated by de Duve from the animal cell 
and found to have a high content of acid phosphatase and other hydrolytic 
enzymes. He named it lysosome. However in 1955 Novikoff clearly identi- 
fied lysosome in rat liver cells through the electron microscope, 


Occurrence ; Usually the lysosomes oceur in most animal cells except in 


RBC and a few plant cells, These usually remain distributed evenly in the 
cytoplasm, 


Shape, size and number : Generally spherical in size, but may be irregular. 
The size usually ranges from 0:2 to 0'8 um but may be large ( upto 5'0 um 
or more), The number is different in different cells. The Secretory cells) like 
liver, Pancreas, spleen, etc. contain more lysosome. 


| Origin : Lysosome originate from endoplasmic reticulum and Golgi complex. 
Fig. 2:38, showing the origin of lysosome. 


ranular 
Substance 


Fig. 2:39, Two different kinds of lysosomes of the kidney cells of rat, 


(b) Structure : Lysosomes are s 
are always bounded by a single uni 


contain vacuolated, granular, dense homogeneous material rich in 
acid phophatase and other enzymes. They also contain some 


nas myelin figures, At 


Severe damage to the tissue. 
€ called ‘suicide bags’. 
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According to functions four types of lysosomes have been 
observed in different types of cells or at different times in the 
same cell. One is primary lysosomes and the other three may be 
grouped together as secondary lysosome, consisting of hetero- 
phagosome, residual body and autophagosome. 

1. Primary lysosome or Storage granule: It is a small sac- 
like body. It is formed from the maturing face of the Golgi 
complex. 

2. Heterophagosome or digestive vacuole 2 They are formed 
by the fusion of a primary lysosome with phagosomes. The 
phagosomes are membrane-bound vesicles containing foreign 
materials. 


Pinocytosis 


Autophagosome 
Primarylysosome | Mitochondria 


Plasma membrane 


Golgi body 


r= Sisognox] 


Spooj paysabipun, 


Phagocytosis’ Phagosome Heterophagosome Residual body 


Fig 2:40. Diagrammatic representation of origin and functions of 
Lysosomes. 


It is formed during the phagocytosis or pinocytosis. Here the 
large substances are broken down and the products diffuse through 
the membrane into the cell. 

3. Residual body: Heterophagosome with indigestible 
material or debris in it is known as residual body. The indiges- 
tible material is ejected from the cell by exocytosis into the external 
environment. 

4. Autophagosome or Autophagie vacuole: It is a special 
type of lysosome containing some part of the cell in the process of 
autodigestion such as various cell organelles like mitochondria or 
portion of the endoplasmic reticulum. 


Bio-6 
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(6) Functions of lysosome : 

1. Intracellular digestion: Digestion of substances within 
the cell is called intracellular digestion. By this process lysosome 
digest exogenous materials (substances which enter into the cell) 
and endogenous materials (cytoplasmic organelles), 

2. Extracellular digestion: Lysosomal enzymes may be 
released outside the cell where they take part in the hydrolysis of 
extracellular substances. During fertilization, the sperm discharge 
their lysosomal enzyme which digest the li niting (outer) membrane 
of ovum. In this way, the Sperm penetrates into the ovum and 
fertilisation takes place. 


3. Liberation of energy: During starvation the lysosome 
digests the stored carbohydrate (glycogen), protein and fat of the 
cytoplasm and thus liberates energy which is supplied to the cell. 

4. Secretion of hormone : The epithelial cells of thyroid 
gland are rich in lysosome which help in the secretion of thyroid 
hormone from the thyroid gland. 


5. Autolysis or cellular auiophagy : In certain pathological 


PA ue the lysosomes start to digest the various organelles of 
e cells. 


2:26. VACUOLES : 


Small 
vacuoles 


large 
vacuole 


Mitochondria 
9. 
Cytoplasm X 8 


Fig 2°41, Vacuoles in plant cell, (Note 


t ta 
and nucleus in young (AS ang he position of the cytoplasm 


matured (B) cells. ), 


| 
| 
| 
| 
| 
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(b) Structure : Vacuoles are eharacteristic feature of the mature 
plant cell. The cytoplasm of a cell contains vacuoles enclosed bya 
single membrane similar to the plasma membrane. It is known as 
tonoplast. Vacuoles are generally filled up by a fluid known as 
cell sap. This fluid contains both secretory as well as excretory 
materials as dissolved condition. High concentration of salts, 
sugars, and acids are found in most of the vacuoles and many water- 
soluble pigments such as red pigment of beets and many flower- 
colour pigments also may be present. 

The vacuoles of young plant cells are comparatively smaller in 
size and numerous in number. As the cell grows these vacuoles 
enlarge and coalesce together and formed a single large vacuole. 
Thus, as much as 90 percent of internal volume of the cell is likely 
to be occupied by the vacuole in the plant cell. The cytoplasm; 
its components and the nucleus being appressed against the plasma 


Nucleus 
zí- Cytoplasm 
Cell wall 


Origin of vacuoles 


Small vacuoles E Pore eee 
YoungCeli) En 
(YoungCell) (Growing cell) 


Celldivision 


Large Single Vacuole. 
(Matured cell) 


Fig2'42. Diagram showing the formation and gradual development of 
large permanent vacuole in plant cell. 


membrane and cell wall. The thin cytoplasm remain under the 


cell covering and is known as primordial utricle. 

(c) Types of vacuoles: According to functional activities, 
the vacuoles are of four types, (i) Food vacuole, which 
contains solid foods, formed by phagocytosis, (ii) Exeretory 
vacuole, contains excretory products of the cell, (iii) Water 
vocuole, contains water, formed by pinocytosis and (iv) Contractile 
vacuole ; contains cellular waste products which excrete outside 
the cell by the contraction and relaxation processes. 
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(d) Functions of vacuole : 
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1. Storage functions : Vacuole can store some materials like, 


glycogen, enzyme, 
phenol, 
vacuoles) 


alkaloids, fats, sugars, 


2. Maintenance of turgor pressure : 
to move into the vacuole which contain hy 


protein (animal cell vacuole ) and water, 
calcium oxalates ( in plant cell 


The tendency of water 
pertonic solution. Thus 


itexerts pressure on the Surrounding cytoplasm and hence to 


the cell. 


3. Exeretory functions: Cellular ‘excretory products are 


removed by the contractile vacuole. 


4. Mechanical support: The vacuolar system provides 
supplimentary mechanical support or the colloidal structure of 
‘the cytoplasm. The turgor pressure not only allows plant cells to 


remain rigid but also responsible for en 


largement of the cell. 


5. The gas-filled vacuoles help some aquatic algae to float 


on water. à 
2°27. MITOCHONDRIA : 


Mitochondria ( Sing., mitochondrion, 


chondrion, granule) 
(a) Definition : 
the cells 


= Cristae 

E Outermembrane 
Matrix 

Inner Chamber 
Fi- Particles 
Outer chamber 


PN.) f Inner membrane 


Fig. 2:43. Cut-away drawing of a typical mito- 
chondrion showing internal structure, 


Gr., mito, thread; 


Seattered throughout the cytoplasm in most of 
the double membrane-enclosed rounded or rod-like or 
filamentous bodies which generate chemical 
Torm of ATP are known as mitochondria. 


Kolliker (1850) first Observed mitochondria in Stirated muscle. 


energy 


(1882) named them as filia, 
Altmann (1894) referred to 
the mitochondria as bio- 
plasts, Benda (1897) first 
called these organelles as 
mitocondria, 

Shape, size and number : 
Mitochondria are generally 
Spherical or rod shaped or 
filamentous or cylindrical 
Structures, It is about 0'5 
pm- T'Oum in diameterand 
Several (2 - 8) um long, The 
number of mitochondria 


in the | 


Flemming | 
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present in the cell depend on its activities. Plant cell contains less number of 
mitochondria than animal cell, because plant cells are less active and some 
of the energy liberating functions are taken over by chloroplast. Microsterias a 
unicellular alga contain only one mitochondrion. A normal liver cell may 
contain 1,000 to 1,600 mitochondria while some oocytes may contain more 
than 300,000, 


Occurrence : It is not present in prokaryotic cell and matured circulated 
RBO. Generally mitochondria are evenly distributed in the cytoplasm. But 
in the cell of proximal convoluted tubules of nephron the mitochondria are 
present at the base. Thus they may be localised in a certain area, 


(b) Structure : A mitochondrion usually, consists of two unit 
membranes, two chambers, mitochondrial matrix, mitochondrial 
Particles. 


1. Unit membrane: Each mitochondrion is bounded by the 
double membrane, the outer 
and inner membranes. Each 
membrane is  trilaminar 
ie., it is made up of lipo- 
protein (protein-lipid-pro- 
tein) and is about 60A° 
thick. The smooth ‘outer | L> Elementary particles 
membrane covers the : 
mitochondria but the inner 
membrane remain folded 
inward at various points 
to form a number | of parti- 
tions, the cristae, or mito- Martix 


chondrialis cristae. The Fig 2-44, Diagrammatic representation of 
: the structure of a mitochondrion showing 
two membranes remain two membranes, cristae, matrix and ele- 


60A°—80A° (width) apart mentary particles, 
from each other. The space between the two membranes is 
filled with fluid. ! 


Ribosome 
Cristae 

Outer membrane 
Inner membrane 


2. Comparments or Chambers : Chambers are two in number 
that is outer chamber and inner chamber. The outer chamber is 
the space between the outer and inner membranes and is situated 
in the core of the cristae, It is filled with watery fluid. The inner 
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chamber remains bound by the inner membrane. This inner 
chamber contains mitochondrial matrix. 


Fig. 245. Diagrammatic structure of different types of cristae in different 
mitochondria, 


5. Mitochondrial matrix: The inner chamber is filled with 
a relatively dense proteinaceous material usually called mitochon- 
drial matrix. The matrix contains dense granules, ribosomes and 


mitochondrial DNA. The enzymes of the Krebs cycle are located 
in the matrix. 


4. Mitochondrial particles or elementary particles (Subunits) : 
The cristae that Project into the matrix are usually incomplete 
septa or ridges. The cristae are covered by mushroom-like parti- 


o 
cles of 85A. These particles are known as F,-Particles orFarnan- 
dez—Moran subunits or elementary partieles. Each particle con- 
sists of three parts, head ( spherical ), stem or stalk ( cylindrical ) 


and base. The particles are spaced at about 100A interval on the 
cristae. 
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T5À - 100A 
Head 
Outer membran sok stalk 
100A Base 


Ey Particles 


| 


Innermembrane: 
Fig. 2'46, Diagrammatic structure and arrangement of Farnandez-Moran 
subunits (F,-particles) on a crista. 

Funetions of Mitochondria : 

1. Acts as a power house: Different enzymes present in the 
mitochondria help in oxidative phosphorylation and is the site for 
formation of adenosin triphosphate (ATP). ATP is a high energy- 
rich substance which supply 95% of cell’s energy. 

2. Cell respiration: Mitochondria are the respiratory 
centres of the cell. Cell respiration includes glycolysis, oxidation 
of pyruvic acid, Krebs cycle and oxidative phosphorylation. 

3. Oxidation of fat: Fatty acids of fats are oxidised at their 
g-position (third carbon from terminal-COOH) in the mitochondria. 

4. Synthesis of lipid : A set of enzymes that control synthesis 
of phospholipids ( compound lipid ) are present in the mitocho- 
ndria. These enzymes help in the formation of the said lipid. 

5. Synthesis of protein : The mitochondrial matrix contains 
DNA which helps to synthesise RNA. This RNA and ribosomes 
help for the formation of protein. 


2°28. PLASTIDS : 
Plastid (Gr. Plastikas, formed or moulded) 


(a) Definition : In the cytoplasm of the plant cell spherical, 
ovoid or discoid coloured or colourless structured organelles 
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bounded by a double unit membrane and possess a complex 
internal lamellar structure which is associated with special 
metabolic processes of plant cell are known as plastid. 

Meyer and Schimper (1883-1885) first used the term plastid. 


Types of plastids: There are two main groups of plastids 
chromoplasts and leucoplasts. 


(A) Chromoplasts (Gr. chroma, colour ; plassein, to form) 
These are the photosynthetically active coloured plastids of the ~ 
plant cells. The most common chromoplasts are as follows : 


1, Chloroplast (Gr. chloros, pale green ; plassein, to form) s 
It is found in green algae and higher plants. It contains the 
pigments chlorophyll a, chlorophyll b, DNA and RNA. 


2. Phaeoplast (Gr. phaeo, brown ; plassein, to form): It 
Chloroplasts is brown-coloured plastid 
S TS à a and contains the pigment 
w P "fucoxanthin. These are 
found in diatoms, brown 
algae and dinoflagellates. 

3. Rhodoplast (Gr. 
rhode, red; plassein, to 
form): It is red-coloured 
plastid and contains the 
pigment phaeoer ythrin 
found in red algae. 


4. Blue-green chro- 
Fig. 247. Diagrammatic representation of  moplast: It contains the 
various types of chloroplasts found in algae, pigments phycocyanin, 


phycoerythrin, chorophyll-a and carotenoids. They are found 
in the blue green algae. 


(B) Leucoplasts (Gr. leuko, white ; 
plastids without pigments (hence white) 
material as carbohydrate, lipid and protei 
They are found in sex cells and in th 
receiving light. They may be rod-like 
are of the following types : 


plassein, to form) : The 
and which store the food 
nare called leucoplasts. 
e regions of plant not 
or spheroid in shape and 
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1. Amyloplast (L. amyl, starch ; Gr. plassein, to form) : It 
synthesises and stores starch in the endosperm, tubers and 
cotyledons. 


Leucoplasts 


Amyloplasts Elaioplasts 
Fig. 2:48. Diagrammatie representation of various types of plastids 


2. Elaioplast: This type of plastids store the lipids, oils and 
occur in seeds. 
3. Proteinoplast : This is protein-storing plastid. 


Chloroplast ? In the cytoplasm of the plant cell ehlorophyl 
containing different plastids which take part inthe photosyn- 
thesis are known as chloroplast. 


Occurrence: Chloroplasts are most common plastids. Cell containing many 
whlorplasts are evenly distributed throughout the cytoplasm. Frequently they 
are found concentrated near the 


cell wall or the nucleus» The . 
cell containing single chloroplast 


has a definite orientation in the 
cell cytoplasm (see Fig. 2°47), 
Shape, size and number : 
In higher plants chloroplasts are 
generally spherical or disc- 
shaped. The chloroplasts of 
some algae are in the form of 
stellate plates or spiral bands, à 
The size generally varies from Fig. 249 Arrangement of chloroplast in 
4ym-6um in diameter and mesophyll tissue of maize leaf. 
lum to 3um in thickness» The number of chloroplast varies from cell to cell, 
Algae such as chlamydomonas often contains .a single huge chloroplast 


Single-layered 
parenchyma 
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(Fig. 2'47F), while in higher 
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plants there are usually 30 - 40 chloroplasts per 


cell, In acell of the Spongy part of grass leaf 30-50 chloroplasts are 


present, 

Origin : Ohloroplast (as well as 
Proplastids. Tt is a small double - 
meristematic cells. In presence of I 
chloroplasts, 

Structure è When chi 


microscope, the following s 


Other types of plastids) develops from 
membrane bound Structure 
ight, proplastids develop into normal 


seen in. 


oroplast is examined under electron 


tructures are Observed ; 


membrane, stroma and thylakoid, 


1. Unit membrane 2 
unit membranes, an outer 


Outer membrane 


thylaj (ids 


Lipophilic globuli 


JE 
Grana lamellae Starch grain 
Fig, 


the inner structure along with t 


Stacks arranged Perpendicular to the Surface, 


Tn hi 


beded in the aqueous ma 


these are unit 


Each chloroplast js enclosed by two 
membrane and an inner membrane. Each 


Inner membrane 


roma lamellae 
2°50. Diagrams of chloroplasts (above 
three-dimensional) and (below L.8.), Showing 


he grana in 


trix, 


is trilaminar, 
lipoproteinous and 50 A? 
thick. The Space between 


the two membranes is 
known as periplastidial 
Space. ' 


2. Stroma or Matrix : 
It is a transparent, clear 
and homogeneous colloidal 
sel fluid present Within 
the — inner membrane. 


. Matrix contain about 50 


percent of the chloroplast 
proteins, ribosomes, DNA, 
RNA, vitamins Eand K, 
and different types of ions, 
ete, 


d, Thylakoids: The 
inner membranes are or. 
Banised into flattened sacs 
called thylakoids (thy- 
lacoids). These are. em- 
gher plants, the thylakoids 
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are arranged in stacks, rather like a pile of coins as shown in Fig. 
2:50. . These stacked 
thylakoids constitute the 
grana. The number of 
thylakoids in a granum 
may vary from a few to 
more than 50. The grana 
are interconnected by a 
network of anastomosing 
tubules called inter- 


Quantasome 


- Pigments 


grana Or stroma- Reaction site 


lamellae. The size of : 
the grana may range Fig. 251. Internal structure of thylakoid 
from 0:3 um to 277. um. showing granum. quantosome and reaction 
The chloroplasts may 5! 

contain 40 to 60 grana in their matrix. Granum is the functional 
unit of chloroplast. 


The membrane of thylakoid is composed of smaller bodies, 
called quantosomes. Each quantosome consists of about 250-300 
molecules of chlorophyll and the smallest units are capable of 
carrying on photochemical reactions. 


Functions of Chloroplast * 


1. Photosynthesis : Photosynthesis is one of the most 
fundamental biological reactions. Chlorophyll of the chloroplast 
in presence of the energy of sunlight (photons) are responsible 
for this reaction. 


2. Synthesis of carbohydrates + By photosynthetic process. 
radiant energy is transformed into chemical energy. It is stored 
in the chemical bonds of carbohydrates. : 

3. Synthesis of protein : The DNA and RNA of chloroplast 
in presence of enzymes present in the stroma form protein. 

4. Synthesis of ATP: Thylakoids contain electron carrier 
molecules ( cytochromes, plastoquinones and plastocyanine )- 
As in mitochondria, the electron transport system of ehloroplasts. 
is coupled to the phosphorylation of ADP to ATP. 
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Table No. 2:5 
Differences between Mitoehondrion and Chloroplast : 


Mitochodrion 


l. It is present in all 


eukaryotic (animal and 


plant) cell. 

2. It is a double membrane- 
bounded organelle ; contains 
no pigments. 

3. The inner membrane remains 
folded and form cristae. 


4. The innerchamber is divided 
into incomplete. compart- 
ments by cristae. 

5. .Presence of particles on 
the inner membrane, 


6. It forms respiratory parts 
of the cell. 


7. It forms energy, hence, it 
is known as energy producer 
power house of the cel]. 

8. It does not take part in 
photosynthesis. 

9. Og is used for oxidative 
phosphorylation. 


2729. RIBOSOMES’: 


(a) Definition : The minute s 
protein present either freel, 
of mitochondria and ehloropl 


Chloroplast 


S NE TER ES SS TUO TN Ss 0 | 


It is present only in the 
plant cells (except bacteria, 
certain fungi and blue-green 
algae). 

It is also double mem- 
brane - bounded organelle 
containing pigments. 

Some portion of the inner 
membrane . remains folded 
into the matrix and trans- 
formed into ^ disc-shaped 
thylakoid. They pile closely 
to form grana. 

The inner chamber is not 


divided. 


Absence of particles on 
the inner membrane. 

6. It forms the part for 
Synthesis and metabolism of 
carbohydrate, 

It converts. one. kind of 
energy into another and as 


Such it is known as energy 
transducer, 


It takes part in photo- 
Synthesis, 

O,. is not. used for 
photophosphorylation. 


———— 


pherieal structure of the ribonucleo- 
y in the cytoplasm or in the matrix 
ast or remain attached on the outer 
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membranes of endoplasmie reticulum and nucleus are known 
as ribosomes. 

Palade (1955) first observed the ribosome under the electron microscope as 
dense particles or granules. 

Origin: In eukaryotes, the site of synthesis of most of the ribosomes are 
the uncleolus of nucleus- 1 

Types of ribosomes : According to sedimentation coefficient (S) ribosomes 
are of two basic typesi.e, 708 and 808 ribosomes. [708 (308 +508) the com- 
paratively smaller ribosomes are found in the prokaryotes whereas 808 (408 + 


Fig. 2°52. Digrammatic structure of ribosomal subunits with their association 
with mRNA. 


60S) ribosomes are found in eukaryotes.] (© refers to Svedberg unit. This 
is a sedimentation co-efficient which shows how fast a cell organelle sediments 
in an ultracentrifuge. 


Occurrence, shape, size and number : Ribosomes are many in number, freely 
present in the cytoplasm or in the matrix of the mitochondria, chloroplast, ete.» 
ox remain attached to the outer membrane of ER, and nucleus. 


408 Ribosomal Subunits 


GoD) 


qD € 


Polypeptide 


Endoplasmic reticulum (Cisterna) 


Polypeptide B 


Fig, 253. Ultrastructure of ribosome showing (A) two ribosomal subunits 
and the position of mRNA and tRNA. (B) the relationship between the 
ribosomes and the membrane of ER 
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0 
(b) Structure ? The ribosome is a spheroidal particle of 230 A 


and is composed of a large and a small subunits. 


Eukaryotic cell 


contains 808 ribosome which consists of large circular 60S subunit 
and smaller eliptical 40S subunit. They remain linked together. 
There are no covering membrane present on the ribosomes. 
Chemically it is made up of RNA (50%) and protein (50%). 


Prokaryotic cell ^ contain 


smaller 


ribosome, 70S, which 


consists of two subunits 50S and 30S and are linked together. 
During protein synthesis they are grouped and form polyribosome 


or polysome. 


(c) Functions of ribosome : 


1. Act as protein factories; The ribonucleoprotein present 
in the ribosomes are mainly concerned with protein synthesis. 
2. Ribosomes take part in the metabolism of fat. 
Table No. 2°6 
Differences between Lysosome and Ribosome 


Lysosome 


1. This organelle present in 
the cytoplasm of eukaryotic 
cell only. 

2. It is covered by an unit 
membrane ie., it is a mem- 
brane-bound organelle. 

3. These are evenly and 
freely distributed throughout 
the cytoplasm. 


4. It 
part. 
5. It is a minute spherical 
vesicle filled with hydrolytic 
enzymes and small vacuoles, 

6. It always remains separate 
from each other. 


consists ofa single 


Ribosome 


—— eee tmt 


l. This organelle present 
in the cytoplasm of both prokar- 
yotic and eukaryotic cell. 

2. It is not covered by the 
membrane i:e., it is a non-mem- 
braneous organelle. 

3. These are freely distributed 
throughout the cytoplasm as 
well as these remain attached 
with the membranes of the endo- 
plasmic reticulum and nucleus. 
4. It consists of mainly two 
parts, 

5. It is a minute spherical 
Structure of ribonucleoprotein 
and contain no vacuoles. 

6. Ribosome during protein 
Synthesis are grouped together 
and forms polyribosome. 
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Cont, Table No. 2.6 
et EE 


———— EE 


Lysosome Ribosome 


7. : Functionally it is of four 7. According to size, the 
types 2. Primary lysosome, ribosomes are mainly of two 
secondary lysosome, residual types 80S (eukaryotic cell) and 
body and autophagosome. 70S (prokaryotic cell). 

8. It is responsible for 8. It is responsible for 
digestion of protein along with protein synthesis. 

other substances of the cell. 


2:30. MICROTUBULES : 


(a) Definition : The cytoplasm of eukaryotic cell contain neum- 
erous hollow ultrafine non-membranous tubules made up of 
tubulin protein and involved in movement and determination 
of cell shape are known as microtubules. 


Occurrence : Electron microscope has revealed that the cytoplasmic matrix 
of most eukaryotic cells contain microtubules and microfilaments. In addition 
to this, the microtubules also occur in cilia, flagella, centrioles and basal 
bodies, etc- and microfilaments are found in the axons of the neurones, 

(b) Structure : Electron microscopic structure of cell has revealed 
that spindle fibres are formed by the aggregation of much smaller 
fibres called microtubules. . Microtubules are uniform in size— 
about 250A° in outer diameter and the tubule wall is 60A° thick. 
They consist of 13 longitudinal subunits (protofilaments). Bach 
subunit is made up of tubulin, a dimer» protein. 


(c) Functions of microtubules : 

1. Mechanical function: They form a supporting frame 
work or cytoskeleton and give shape to the cell, 

2. Role in cell division: Microtubules form the mitotic 
apparatus (spindles) consisting of bundles of microtubules. 


3. Movement of cilia and flagella : Microtubules are related 
with movement such as undulation of cilia and flagella. 


4. Circulation and transport: Microtubules are involved 
in the transport of macromolecules within the cell. 

x Dimer is the compound resulting from combination of two molecules 
of the same substance. Thus tubulin is formed by «€ tubulin and f-tubulin. 
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5. Morphogenesis: During cell differentiation, cells change 
their shapes with the help of microtubules. 

6. Sensory transduction : Transduction is the process of 
transferring energy from one system to another. Sensory receptor 
contains many microtubules which act as sensory transduction. It 
converts stimuli into nerve impulse. 


Mitotic apparatus (Fig 2°54); (a) Aster- Bundle of microtubule fibres 
radiating out from each cell pole during the metaphase stage of mitosis. 


Paired 
Centriole chromatids ; 


| 7V* ' Spindle microtubules 
Aster Microtubules 


Fig. 2'54, Arrangement of microtubules in mitotic apparatus, 


(b). Spindle - mierotubular structure spanning the cell from pole to pole 


during metaphase, involved in the correct partitioning of chromosomes to 
daughter cells,. 


2.31. CILIA AND FLAGELLA : 


Cilia (plural of. L. cilium, eye lash) and flagella (Plural of L. 
flagellum, whip.) 


(a) Definition :' The hair-like extended portion of the cell sur- 
face bounded by the cell membrane and containing microtubules 
and responsible for cell motility are known as cilia or flagella. 

Occurrence : Cilia and flagella. are widely distributed in both the animal 
and the plant cell. 

(b) Strueture of cilia and flagella : 

The ciliary apparatus is composed of the following parts :--(1) The 
shaft: It isthe slender cylindrical process that projects from 
the surface of the cell. In cilia, it is short (3—10 jm) but in 
flagella, it is longer (up to 150 um). The axis of cilium consists 
of2 central microtubules surrounded by nine pairs of micro- 
tubules (9--2 pattern) which is embeded in ciliary matrix. It is 
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covered by the ciliary membrane which is the extension of plasma 


membrane. The 
basic microtubular 
framework i.e., axis 
of cilia and flagella 
is called axoneme. 
(2) The basal body 
or granule: The 
basal body or 
granule, a centriole- 
like cellular or- 
ganelle, arranged 
in rows beneath the 
plasma membrane. 
From this the body 
of the cilium origi- 
nates. Basal body 
isalso known as 
kinestosome. (3) 
The ciliary root- 
lets? These are 
third components 
consisting of fine 
fibrils or ciliary 


Paired microtubules 


Cell membrane: 
Spoke head 
Radial spoke 


Tip 


Cilium 
Paired 
central 


Ciliary microtubules 
membrane Paired peripheral 


microtubules 


Cell membrane 


Fig. 2°55. (A) Longitudinal section of a ciliary? 
apparatus showing fundamental structure of 
cilium or shaft, basal bodies and rootlets, (B) 
Transverse section of a cilium showing 9+2 
microtubular pattern., 


rootlets, which arise from the basal body and converge toform a 
conical bundle which end near the nucleus. 


Functions : The 
involved in locomotio; 


transpiration etc. 


important functions ofcilia and flagella are 
n, feeding, cleansing, respiration, circulation, 


Table No. 2:7 


Differenees between Cilia and Flagella 


Cilia 


Flagella 


1. Cilia are 
number. 


numerous in 


Ling pol p i ue E TNAM 
1. Flagella are less ( usually 
1—2) in number. 


2. Cilia may occur throughout 
the surface of the cell. 


Bio.-7 


2. Flagella occur at one end 
of the cell. 
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Table 2*7. (Contd.) | 

Cilia Flagella | 

3. The cilia are shorter. 3. The flagella are longer. 
4. The moyement of cilia take | 4. Flagella move indepen | 
place in coordinated dently. | 
rhythm, j i 

5. Cilia move ina sweeping or | 5. Flagella exhibit ^ undul- - | 
pendular stroke. atory motion. | 
Tin: DO ay REL T se TTT Pe NEP EEEC 1 
2.32. CENTROSOME : 


Centrosome (Gr. Kentron, centre of a circle ; soma body). 


(a) Definition In the cytoplasm near the nucleus of all animal 
and some plant cells the clear, oval cytoplasmic organelle in — 
which two hollow microtubular structures are found 
division, is known as centrosome. 

Van Beneden in 1880 
described and named it. 


1 
l 


during. cell 7 
| 
discovered the centrosome but T. Boveri in 1998 / 


j| 
1 


Occurrence : It is present in all animal cells and in some lower plant cells | 
as also in primitive flagellates like dinoflagellates, euglenoids and chlamy- 
domonus. 7 |! 

Centtiole | 


Centrosome Ew tubules 


Fig, 2:50. Diagram showing (A) position of two 
(B) T.S. of one centriole and 
of centrosome, 

(b) Structure : The organising material of centrosome is- 
known as Kinoplasm. It consists of two parts, centrioles and 
centrosphere. | 

l. Centrioles (Diplosome) : During anaphase and telophase | 
the centrioles appear as two empty cylinders, soinewhat like | 
open beer cans (Fig. 2:54 A). They are situated: at right angle to f 
each other. It has 3—5 ym long compact wall which is made | 


| 


centrioles in centrosome, 
(C) Three dimensional structure 
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up of nine fine parallel microtubular triplets arranged longi- 
tudinally. Bach microtubule is made up 3 subtubules or 
subfibres. 


There occur nine associated amorphous structures of electron- 
dense | material. They are round in shape and are attached by 
centriolar microtubules in two crowns (rows). These are called 
massules or pericentriolar satellites. 


Each microtubule is made up of three subfibres. Each subfibre is 250A 
in] diameter and lying parallel to each other. They are designated as A, B 
and C subfibres, The A subfibre is cylindrical while B and C-subfibres appear 
‘O’-shaped structure in transverse sections, The A-subfibres is made up of 13 
tubulin subunits. A-subfibre of one mierotubule is connected with C-subfibre 
of another microtubule by dense material (DM) ealled C-A linker, 


; "Tubulin(Globula 
Cart-wheel Structure ires p 


Centriole 


Fig. 2°57. (Left) Arrangements of (1)-Microtubules, (2)-Subtubules and 
(3)-Subunit, (Right) Nine paired small rods and two rows of 
encircling belts of macromolecules (satellites), 

2. Centrosphere: It is the clear, homogeneous cytoplasm 

present around the centriole. 


(c) Functions of centriole (centrosome) : 


1. Role in mitosis: The centrioles form the mitotic poles 
in higher animals (centrioles were formerly thought to be 
necessary for spindle formation during cell division, but this is 
not the case). 

2. Qiliogenesis: The primitive functions of the centriole 
‘was to form cilia and flagella. 

3. Formation of sperm tail : The tail fibre of the spermatozoa 
is developed from one centriole of the centrosome. 
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Vacuoles eee] 
secretory produ NEN 


SECRETION 
GRANULES 


ENDOPLASMIC 
RETICULU 


Cisternae 
ITOCHONDRION 
Ribosomes f Trilaminar unjt membrane: 


Ja 


PLASMA 
MEMBRANE 


Perinucléar cisterna 


NUCLEAR 
, ENVELOPE 


Ribosomes 


PARTICULATES | 
OF | 
i CYTOPLASMIC | 
NUCLEOLUS LIPID MATRIX 
cuv DROPLETS ETC 
WOCHE 


Ee 3 s $ 
Fig. 2°58, A typical animal cell (the magnified components are shown ) 
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2.83 CYTOPLASMIC INCLUSIONS OR ERGASTIC SUBSTANCES : 


(a) Definition? In addition to various living inclusions (cyto- 
plasmie organelles ) the €ytoplasm of different plants and 
animal cells may contain a variety of non-living substances 
called ergastie substances or eytoplasm'e (cell) inclusions. 

(b) Classitieation : The non-living cell contents may be classi- 
fied into three main groups viz, (i) Reserved products. (ii) Secretory 
products and (iii) Excretory products. 

(i) Reserved products: The reserved products are formed 
by various metabolic activities ‘of the cells. The materials 
which are manufactured by the cell protoplasm are stored 
in that particular cells. The reserve food products are of 
three main groups: (a) carbohydrates, (b) proteins and (c) fats 
or oils. 

(a) Carbohydrates : Carbohydrates are organic’ neutral 
compounds made up of carbon (C), hydrogen (H) and oxygen (O). 
Hydrogen and oxygen remain in the same Proportion as in water 
that is, 2: 1 (H20). Carbohydrates are classified into three types, 
monosaccharide (contains one molecule of sugar), oligo saccharide 
(contains 2-10 molecules of sugars) and polysaccharide (contains 
more than 2-10 molecules of sugars). Glucose ( grape sugar), 
fructose (fruit sugar), galactose etc., are monosaccharides ; 


Fig. 2°59. Starch grains (A) Eccentric and (B) Concentric. 
maltose (malt sugar), lactose (milk Sugar), sucrose (cane sugar) 
are disaccharides which belong to oligosaccharides. These 
monosaccharides and disaccharides are all soluble sugars which 
remain dissolved in the cytoplasm. Starch, cellulose and hemi- 
cellulose are insoluble polysaccharides found in plant cells. 
Glycogen is a soluble polysaccharid found in animal cells. 


M 
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Starch (C,H,,0,), : In cytoplasm starch remains scattered in 
the form of particles. These particles are called starch grains. 
Starch grains vary form 5to 100 wm in size. They may be round 
(wheat), oval (potato), polygonal (maize) or spherical 
(pea) etc. The grains are stratified because starch is de- 
posited in layers around a definite point known as hilum. 
When the layers are deposited in such a way that the 
hilum remains on one side, as in potato, the grain is said 
to be eccentric, when the hilum remains at the centre, as in pea, 
the grain is said to be concentric. Starch grain may be simple 


when occuring singly or compound when occuring together ina . 


solid group. 


Glycogen (C,H;,0,), : It is a polysaccharide, mainly found 
in liver and muscle cells of animal body. Thus, it is also 
known as animal starch. Itis present in the cytoplasm generally 
in between mitochondria and endoplasmic reticulum in the form 
of particles. In the liver cells two types of particles are 
found, smaller B-particles and larger rosette like (flower bunch) 
x-particles. They are 20-30 nm and 90 nm respectively. It is 
also found in Blue-green algae, Fungi and in some lower plants. 


Inulin: Inulin (C,H,,0,), is a carbohydrate (polysaccharide) | 


found in many roots of Compositae 
plants. On hydrolysis it yields fructose. 
It is odourless, tasteless, white amorphous 
powder or crystals ( star shaped ) end 
soluble in hot water. 


(b) Protein: Protein is an organic 
compound generally made up of carbon 
(C) hydrogen (H), oxygen (O) and 
nitrogen (N) and some times it also 
contain sulpher (S) and phosphorus (P). 
These elements form amino acids, the 
unit of protein. Proteins are classified 
into. three groups, simple protein 
(contain only amino acid), conjugated 


; R Al Fig. 2:60; Inulin crystals- 
protein (simple protein+non-protein prosthetic group ) and 
derived protein (not present in nature as such). 


z 
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Cell membrane (lipo-protein), protoplasm,  nucleoplasm 
(nucleoprotein—DNA, RNA) and the cytoplasmic organelles are 
made up of protein. Some proteins are soluble in water and some 
others are insoluble in water. The insoluble protein particles, 
remain scattered within the cytoplasm and are known as proteid 
grains. 


ALEURONE GRAINS 


Fig. 2°61. Diagrammatic structure of (A) Aleurone grains and (B) The 

erystalloid and globoid in Aleurone grain. 

Incertain plants proteid grains are called aleurone grains. 
They are found to occur in several seeds. Aleurone grains are 
larger in those seeds which ‘contain less starch, as in castor. 
These grains are relatively small in the seeds containing abund- 
ant starch, as in maize. Itis oval or spherical in shape and 
consists of two parts viz., (i) proteinaceous crystal-like poly- 
gonal body called -crystalloid and (ii) rounded mineral body 
(double phosphate of calcium and magnesium) called globoid. 
The smaller grains are devoid of globoid. 

(c) Fats or Oils: Fats are esters of fatty acids and glycerol. 
Both are made up of carbon, hydrogen and oxygen. At ordinary 
temperature, some fats remain solid and others in liquid form 
which are called oils. 

In animal, fats are mostly stored in fat cells of connective tissue 
(vide adepose tissue). The big fat droplets occupy almost the whole 
of the cell. The cytoplasm and nucleus are pushed out to 
one side. In plant, fats are geneally stored in the seeds. 

(ii Secretory products: Various products like nector, 
colouring material(pigments), hormones and enzymes etc. which are 
seereted by the cells are called secretory products. 
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1. Nectar: It is secreted by a special type of glands called 
nectaries present in many flowers. It attracts r ; 
insects for pollination. 

2. Colouring materials: These are 
produced by the plant cell. The colouring 
materials include choloroplasts, chromoplasts 
and anthocyanins colouring materials are 
essential in photosynthesis and also impart 
various colouration to various organs of 
the plant. 


y 


In RBC of animal contain haemoglobin. 
It isa iron-containing pigment. Melanin is 
a brown-to-black pigment present in the 
skin, eye etc. ; 


3. Hormones and Enzymes: These are 
organic compounds which are secreted by 
animal and plant cells. They have profound secreting glands in 
influence on the metabolism, growth and (A) Euphorbia pul- 
development of animal and plant body. cherrima. 

4. Zymogen granules : Zymogen granules are inactive pre- 
cursors of some digestive enzymes. They are secretion antecedent 
granules in gland cells. They are large, Spherical and homo- 


Fig, 2:02. Nectar 


Synthesis 
RoughER 
emi ex esicle 
p 0 SS 
Packaging—, ee a Golgi Complex 
— w^ Sem uis 
o ae e o ©——— secretory vesicle 
Transport * 


^. ei Q— — — — secretory granule 


Mugs AIO 
NS Cellmembrane 


Fig. 2°63, Digram Showing the way of synthesis, 
: of zymogen granu les, 
gencously dense granules with limiting membrane. 


transport and secretion 


These granules 
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zare present in thecytoplasm in between Golgi bodies and free sur- 
fasce of the cell. Its average diameter is 0-1—0'5 um and generally 
found in the secretory cells like pancreatic acinar cells and chief 
cells. of the stomach. In the pancreatic acinar cells, protein is first 
-synthesised directly into the cisternae of the endoplasmic reti- 
culum (Fig 2:63); this communicates with the Golgi bodies 
either directly or by vesicle formation and subsequent fusion. ‘Thus 
zymogen (inactive precursor of an enzyme) accumulates in 
the Golgi bodies, where it is concentrated and forms granules. 
“This process is known as packaging. Zymogen granules are then 
ud off as secretory granules. They are transported to the cell 
membrane where they fuse and extrude their contents. 


(iii) Exeretory products : Various harmful products are formed 
dm the cell dueto metabolism. These are not secreted but stored in 
“the "cytoplasm of the cell. These are known as excretory 
»( waste ) products of the cell. These products are useful to 
mankind. 


{. Mineral crystals: The common forms of crystals secreted 
?'by plant cells are made up of silica, calcium carbonate and calcium 


“Wig. 2°64. Mineral erystals (A+B) crystals of calcium oxalate in onion 
scale leaf cells, (C) Raphides, (D) Sphaeraphides and 
(Œ) Silica crystals. 


wxálate. Calcium oxalate is the most common and is widely distri- 
uted among various plants. 
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Cystolith : Calcium carbonate occur as a large mass of small) 


crystals in the Ficus (Banyan) OOCOOUXC*5eY 
leaf. The whole crystalline Once ww 


C 

mass looks like a bunch of a unu L 
grapes suspended from a stalk 
from the upper epidermis. It 
is known as cystolith (Fig 2:65). 

Raphides : Mainly ca-oxalate 
(calcium salt of oxalic acid ) 
occurs as aggregates of crystals 
in the form of raphides. The bag- 
like specialised cells where these Fig. 2:65. Cystolith. 
are formed are known as idioblasts. These may be seen single or 
in bundles. The crystals are needle-like Structures. They are 
commonly seen in water hyacinth, colocasia, leaves of Bougainvillea: 
and in many others, 


2: Tannins : These are group of complex compounds com- 
monly occuring in single isolated cells. These are abundant in the 


bark-leaves and many unripe fruits.: Tea leaf contains about 15% 
tannins. 


3. Essential oils : These are present in oil glands which are 
located in the leaves of 


acred basil, lemon, petals of rose etc. The 

T M common  essen-- 
tial oils are 
sandalwood oil, 
rose oil, and 
clove oil, 

4. Resins: 
Resins are 
yellowish solids, 
insoluble in 
water but 
soluble in al- 
a cohol. They 
B are found in 
latex cells and the stems of 

conifers and sal 
trees, 


Fig. 2°66 Diagram Showing (A) 
(B) latex vessels, 
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Gums: It is a amorphous colloid and consists largely of 
decomposition products of cellulose or other corbohydrates of cell 
wall. They occur in mixtures with resins and are complex. 
carbohydrates. Common examples are camphor, dhuna, goggul, 
gum arabic, gum tragorcanth, cherry gum etc. 

6. Latex: It is generally milky, viscous colloidal substance 
contained in latex cells and latex vessels. It is often milky as 
in Indlan rubber plant, pararubber (Hevea) and (calotropis). Some- 
times it may be coloured as in opium poppy. 

7. Alkaloids : These are complex nitrogenous substances and 
are present in seeds and roots of some plants. These are inten- 
sely bitter in taste and some of them are poisonous. The caffeine 
in coffee and tea, nicotine in tobacco, quinine in cinchona, 
morphin in opium poppy and strychnine in Nux vomica are the 
best examples of alkaloids. 


2.34 NUCLEUS: 

(a) Detinition : The membrane-bound dense round eellular 
component containing the genetic material DNA in chromosome 
and. generally located at the centre of the cell is known as 
nucleus: i » 

In 1833, Robert Brown observed a dense circular region inside 
the plant cells which he called its nuc/eus. 

(b) Occurrence : The nucleus is found at the centre of all prokary- 
otic cells of plants and animals. Mammalian matured erythrocytes 
and mature sieve tubes of higher plants contain no nucieus. 

(c) Size, Shape and Namber : The size of the nucleus of different 


Fig, 2°67. Different number, shape and size of nuclei in different cells. 
cells are different. The. size is directly proportional to that of 
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cytoplasm. The shape of the nucleus normally remains related 
with the shape of the cell. The shape may be circular, oval, disc- 
shaped, elongated, lobed (in WBC), C-shaped (in vorticella), 
pyriform (in Paramecium), Moniliform (in spirostomum), labyrin- 
thine (in platyphylax), spindle or elliptical (in sperm). The 
cell usually contains one nucleus (mono-nucleate cells), some 
times the cell may contain two (binucleate cells or heterokaryon) 
or more than two nucleus (polynucleate cells). 


(d) Strueture of nucleus : The nucleus consists of the following 


Structures, the neuclear membrane, the nucleoplasm, the nucleolus 
and chromatin fibres. 


1. The Nuelear membrane or Karyotheca : 


(a) Definition : The membrane which envelop the nucleus and 


thus separate the nucleoplasm from the €ytoplasm is known as 
nuclear membrane. 


(b) Strueture : It composed of two unit membranes, viz., an outer 


H " 0 
3nembrane and an inner membrane. Each membrane is 75À — 90A 


S "Annulus Pore 50-80 nm diti 


| membrane 


Thin membrane | 


Innermembrane 


Outer. 
membrane 


Inner membrane (10-15 nm) 


Fig. 2°68, Arrangement of nuclear pores, 


thick and lipoprotein in nature, 


o 
space of 100A—150A. The space is known as perinuclear cister- 
nae or space. The outer membrane communicates with the endo- 
plasmic reticulum at several points. Ribosomes remain attached 
to the outer surface of the outer membane and hence it looks rough. 
ar envelope is interrupted by the 
h membranes are in continuity around 


They are mainly separated by a 


Structures called pores. Bot 
the margins of these pores. 
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Nuclear pores : The apertures (50 nm- 80 nm in diameter )present in the 
nuclear envelope are known as pores, within each pore octagonal Shaped 
electron dense ring called 


membrane in di i 
Nuclear ca annulus (60 mm in diameter) is 


Chormatin fibres 


present, It consists of eight 


Nuclear pores granules present at both the 
Complex nuclear and eytoplasmie surface. 
Nucleoplasm Within the pore is a central 
Nucleolus í 


granule. The pores and annulus 
together are referred to as the 
pore complexes. d 

Origin of nuclear membrane : 
Fig. 2:69. Diagrammatie structure of nucleus Nuclear membrane is derived 
showing prous membrane, nucleolus,nuclear from the membrane of endo- 
reticulum or chromatin in the nucleoplasm. plasmic reticulum. 


(c) Functions of nuclear envelope : (1) The nuclear membranes 
allow free exchange of ions between nucleoplasm and cytoplasm. 
(2) It protects the internal structure of nucleus. (3) Golgi 
bodies and ER are formed from the nuclear envelope ( Fig. 2:38). 
(4) Attachment of structural elements of the cytoplasm and nuclear 
components. (5) Ribosomes of the outer membrane help to 
synthesise protein. 


9. Nueleoplasm or Karyolymph : 


(a) Definition : Relatively clear granulated semiliquid slightly 
acidic fluid present in the space between the nuclear membrane 
and nucleolus is known as nueleoplasm. 

It contains certain thread-like elongated structure known as 
chromosomes and the chemical substances, like dissolved phos- 
phorus, ribose sugars, proteins, nucleotides, nucleic acids, different 
enzymes and trace amount of minerals. 

(b) Functions of nucleoplasm : Nucleoplasm acts as matrix in 
which different materials of the nucleus are present. 


3. Nueleolus (Pl., nucleoli) : 
(a) Definition * One (or more) conspicuous darkly stained 
spherical body which lies within the neucleoplasm is Known as 


nucleolus. 
(b) Structure o It is attached to the special regions of particular 
chromosomes called nucleolar organizer regions. During the 
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Karyokinesis or first phase of cell division it 
completely and again reappears after division. 


composed of large 
amount of ribo- 
somal protein and 
ribosomal | RNA 
(r-RNA). Structur- 
ally it is made up 


of four zones— 


granular i zone, 
fibrilar Zone, 
amorphous ` zone 
and chromatic zone; 


(i) Granular zone e 
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dissapears 
Chemically it is 


Perinucleolar 
Chromatin 


Intranucleolar 
Chromatin 


Granules 


Fig. 2°70. Ultra-structure of nucleolus showing 
different four zones, 


The peripheral part of the nucleolus which 


contain granules of ribonucleoprotein. 


(ii) Fibrillar Zone 


protein. 


(iii) Amorphous zone (Matrix) : 
density and it is found only in certain 
(iv) Nueleolar-associated ehrom 


cleolus like a sh 
form of a thick co 


(2) Ribosome formation : 


of ribosomes. 


(3) : Protein Synthes's ; 
protein take place in the nucl 


4. Chromatin fibres (Gr. 


(a) Definition : 


Many thread-like, Coiled an 
struetures whieh ean sf 


nueleoplasm are Called c! 
(b) Structure 2 The fibres 
mosed and uniformly distributed 


: It is composed of fibrils of ribonucleo- 


This zone has low electron 
nucleolus, 


atin $ Surrounding the nu- 


eil is perinuclear chromatin. This may be in the 
ntinuous wall as ex 


ocrine pancreatic cell or may 


figure (Fig. 2.70) from perinu- 
romatins arise, 


(1) RNA production : Nucleolus is 
RNA synthesis, i 


Itis concerned with the biogenesis 


According to som 
eolus. 


chroma, colour) : 


e, Synthesis of 


d much elongated 


ain with basic Stain and Present in the 


iromatin fibres. 
of chromatin are 


twisted, fine, anasto- 
In the 


nucleoplasm, These 
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chromatin fibres are observed only during resting state. During 
cell division chromatin fibres become thick ribbon-like structures 
called chromo- 
somes. Chro- 
matin fibres are 
of two types, viz. 


Nucleolus ch ; d 
-Ribosomes euc. romatin an 
: heterochromatin. 

uclear 
membrane [ _Heterochro- 
Heterochromatin matin and Eu- 
chromatin (He- 
teros, useless- 
Nuclear pore Gr. eu true; 


1 chroma colour): 
"Fig. 271. Structure of metaphase nucleus showing The com- 
porous membranes, nucleoplasm, nucleolus. and posing material 
ebromatin (euchromatin & heterochromatin), of the chromo- 

«omes is the chromatin substance (DNA+ nucleoprotein etc.), 
Chromatin condenses and decondenses throughout the cell cycle. 
Condensation takes place during mitosis, the chromatids becoming 


. increasingly shorter from prophase to metaphase. Decondensation 


‘take place at telophase. 

In 1928 Heitz defined hetroehromatin as those regions of the 
chromosome, which remains condensed during interphase. The 
rest of the chromosome, which remains in a non-condensed state 
ds called euehromatin. 

Table No- 2/8 
Differences between Heterochromatin and Euchromatin 


Heterochromatin Euchromatin 


i. It is composed of 250A 1. It is composed of mostly 


‘fibres. 30—820 A fibres. 
2. It is found in the conden- 2. Itconsists of diffused or 
sed regions ofthe chromosome less lightly coiled regions. It 


and is associated with tight 
folding and coiling of the 
chromosome fibre. 


undergoes the typical cycle of 
condensation during division 
and decondensation | during 
interphase. 


i i ee 
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Table 2°8 (Cont.) 


Heterochromatin 


Euchromatin 


3. It stains deeply. 
4. It contains more DNA. 


5. It is genetically inert as 
it does not synthesise RNA 
and protein. 

6. The cross-over frequency 
is less. 


3. It stains less deeply. 

4. Tt contains less DNA tham 
heterochromatin. 

5. It is genetically active. it 
synthesises DNA and messem- 
ger RNA during interphase. 
6. Thecross-over frequency 
is more. 


(c) Functions of chromatin fibres ¢ Chromatin fibres are the 
bearer of heriditary instructions and regulations of cellular 


processes. 


(e) General Functions of Nucleus : 


1. Nucleus acts as a life-centre, 


it controls nutritive, respira-- 


tory and other activities of the cell, 
2. It helps in the growth and causes division or reproduction: 


of the cells. 


3. The DNA of nucleus regulates the s 


proteins in the cytoplasm. 


ynthesis of enzymes and 


4. The DNA determines the genetic constituents of the cell 


and accounts for particulate inheritance 


genes to the offspring. 


of characters through 


Table No. 2°9 
Differences between Nucleus and Nueleolus 


Nucleus 
Heirat 


1. It is present in the cyto- 
plasm. 


2. It isa part of the protoplasm. 


3. It is covered by membrane, 


4. Each nucleus is made up of 
nuclear membrane, nucleo- 
plasm, nucleolus and chromatin 
fibres, 


Nucleolus 
1. It is present in the nucico- 
plasm, 
2. Itisa part of nucleus. 
3. It is not coverd by mem- 
brane, : 
4. It is made up of ribosome.. 
granules, fibrils of ribomu- 


Cleoprotein, as also chomatim. 
fibres, 


CELL STRUCTURE 


113 


Table 2:9 (Cont.) 


Nucleus 


Kueleolus: 


5. Nucleoplasm of nucleus 
contains DNA. 

6. In resting condition or 
during cell division it always 
remains in the cytoplasm. 

7. It causes growth and re- 
production of cell and helps in 


protein synthesis. 


5. It contains no DNA. 


6. It disappears at the prophase 
stage and reappears at the 
telophase of the cell division. 

7. It helps in the formation of 
ribosome and also helps in 
protein synthesis. 


@ PHYSICAL FUNCTIONS OF CELL @ 
2°34. DIFFUSION : 


Introduction : All substances (solids, liquids or gases) are made up of 
numerous minute molecules, The molecules of a substance are continuously 
in motion, This motion is*least in the solids, maximum in the gases and 
intermediate in the liquids, The direction of movement depends on its chances 
of collision with other molecules or with the wall of the container. In this 
process molecules of liquid and gas move faster from higher concentration to 
lower concentration until the molecules are equally distributed either in a 
medium or in. a particular space provided. 

Examples ¢ Crystals of copper sulphate are placed in a beaker 
containing water. After a short while it will be observed that the' 
crystals of copper sulphate slowly gets dissolved and the colour 


Fig. 2°72. Process of diffusion, showing small crystals of CuSO, slowly 
dissolved in water giving a uniform colour. 

particles or molecules (blue) of copper sulphate gradually spread 

in water to produce a solution having equal colour intensity. So the 

molecules of CuSO, move from the region of higher concentration 
towards the region of lower or nil concentration. 


Bio-8 
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Definition: The spontaneous spread up of molecules of any 
kind of substance from a region of great abundance i-e», higher 


concentration to the region of lesser or nil abundance is called 
as diffusion. 


‘Common examples of diffusion : The process of diffusion takes 
Place independently and the medium may be a liquid or a gas. 
Some volatile substances like scent, naphthalene, camphor, etc. and 
H,S or cooking gases spread from higher concentrated area 
(source) to the lower concentrated area by diffusion process. 

Conditions of diffusion : The velocity and the rate of diffusion 
depends on the following factors : 3 

(a) Molecular size: Smaller the molecul 
greater the velocity of diffusion, 

(b) Density: If the Concentration ofa substance is more, 
the velocity of diffusion will be more, 

(c) Temperature : Increase an 
increases or decreases the diffusion pr 

(d) Viscosity : If the Viscosity of 
diffusion process is decreased, 

(c) Diffusion pressure 2 
molecules is known as diffusion 

` to concentration of the diffusib] 
depends on diffusion pressure, 


ar size of a substance 


d decrease of temperature 
OCess. 


the fluid is increased then the 


The pressure created by diffusion of 


pressure. It is directly proportional 


* molecules. The diffusion process 


Permeable membrane Membrane Pores 


c 


Fig. 


2°73, Diffusion through permeable Membrane 


Experiments on diffusion: When two subst 
a solid and a liquid, or two miscible liquids or a liquid and a gas 
Or (WO gases) are kept in contact, the molecules of two substances 
will pass into each other, This process continues unti] an uniform 
admixture is obtained. 


ances (for instance 
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Experiments: (i) A dropofink is added by a dropper in 
a beaker filled (3/4th) with water. Immediately it will be seen 
that the blue coloured particles of the ink is gradually spreading : 
over the water. After a short while, the ink drop will disappear 
and the water of the beaker will be uniformly light blue in colour. 

(ii) Similarly, when some crystals of copper sulphate are put 
into a beaker of water, the particles of the CuSO, will spread 
throughout the water giving rise to a uniformly pale blue coloured 
solution. All these are instances of diffusion. It is due to the 
diffusion of ink or CuSO, particles from region of higher diffusion 
pressure (ink drop or copper. sulphate crystals) to the lower 
diffusion region (water). 

Signilieanee of diffusion: A. In plants: (1) Exchange of 
gases and vapour during transpiration, photosynthesis and res- 
piration. (2) Absorption of salts and water (sap) by roots. 
B. In animals: (3) Exchange of gases in the lungs. (4) Digestion 
and absorption in the intestine. (5) Exchange between plasma. 


and red cells. (6) Exchange of nutritive materials from blood to 
cell and vice versa, etc. 


"2:85. OSMOSIS 2 


Osmosis (Gr., Osmos, pushing) is a modification of diffusion 
across a semipermeable membrane shearing selective property. 

Nature of m»mbranes: According to physical property, the 
membranes are of three types, (i) Permeable membrane: Such 
membrane allows all the molecules or ions of a solution (both 
solute and solvent molecules) to pass through it, e.g., filter paper, 
cell wall, etc. (ii) Semipermeable membrane: Such membrane 
allows only water (solvent) molecules and positively charged 
hydrogen ions to pass but not the solute molecules nor the other 
positively charged and negatively charged particles, e.g., parchment 
paper, air bladder of fish, egg's membrane, etc. (In Fig. 2.74 have 
shown that the semipermeable membrane allows only the water 
molecule to pass but not the sugar molecules). (iii) Impermeable 
membranes It does not allow either the solute or the solvent 
molecules or ions to pass e.g., rubber sheet. 

A membrane which permits certain substance to pass through 
more easily than the other, is said to be selectively permeable. 
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Definition of osmosis ? 1. The movement of solvent molecules 
(water molecules in most cases) through a semipermeable mem- 
brane from a region of higher concentration to a region of lower 
concentration is called osmosis. 

9. A process of celective transmission of a solvent in prefer- 
ence to a solute that takes place through a semipermeable 
membrane when two solutions of different concentrations are 
separated by it. 

If two solutions of different concentrations are separated by a 
semipermeable membrane, then the solvent molecules from the 
less concentrated solution (which contains more solvent and less 
solute) moves through the membrane to the more concentrated one] 
(which contains less solvent but more solute). During such move- 


Water molecules 
canpass through 
pores this size 


o ^ G 
o? 29 Wd A o 


Q9 Lae 
Semi permeable, through pores 
membrane * fe] o e re) 

o9 gg @ o 
9 90 93.9 o O 
iq DM Sip 


igh Oo A Low concentrati 
Hi o s on 
concentration of water mo eci 

te If ules, 


Fig. 2.74. A theoretical explanation of Osmosis. 
ment, fluid level gradually rises in the compartment containing the 
more concentrated solution and a position of equilibrium is 
ultimately reached when the hydrostatic pressure prevents 
further entry of solvent into this compartment. The molecules 
of the water inside the compartment or cell create a pressure kioin 
as hydrostatic pressure. The hydrostotic pressure which develops 
during osmosis is known as osmotic pressure, k 


Types of osmosis In relation to any living cell osmosis may 
be of two types i.e., endosmosis and exosmosis. 
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Endosmos's: The process by which the solvent molecules 
from oatside enter into the coll is known as endosmosis. 


Exosmosis 3 It is the revers? process of endosmosis which 
involves the exit of so!vent molecules from the cll and is known 
as exosmosis. 

Types of osmotic solution 2 The solute molecules dissolved in 
solvent (water) forming solution. The concentration of a solution 
here refers to the concentration of solvent (water) and not the 


Solute molecules 


Water 


molecules 4 
Pure water ; Solution 
(Higher water concentration) "(Lower water concentration) 


Fig. 2°75. Diagrammatic composition of solvent and solution, 


concentration of solutes. The physiological solution is often 
used to indicate a solution which hasa totai osmotic pressure 
equal to that of the blood of that animal and has a balanced con- 
centration of different ions. Examples of such solutions are 
Ringer's, Tyrode's and Dale’s solutions. 

One of the most important functions of a cell membrane is to 
maintain a balance between the osmotic, pressure of the 
intracellular fluid (rich in non-diffusible substances) and. that of 
extracellular fluid. Solution are of three types — 

(a) Isotonic solution * When the intracellular fluid and 
extracellular fluid have the same concentrations (thus equals 
osmotic pressure) and no osmosis takes place, the two solutions 
are known as isotonic solutions. f 

(b) Hypertonic solution: When extracellular fluid becomes 
more concentrated (higher osmotic pressure) having low solvent 
concentration, it is known as hypertonic solution. 

(c) Hypotonie solution $ The extracellular solutions which 
contain less concentration of the solutes and having higher solvent 
concentration than the cytoplasm, it is known as hypotonic 
solution. f 
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Experiments : A cell contains variety ofsolutes in it. For 
instance, the mammalian erythrocytes contain the ions K+, Catt 
PO,-dissolved haemoglobin and many other organic substances. 
The concentration of intracellular fluid of mammalian erythrocytes 
are 0'9 gm% and amphibia 0:65 gm%. If some human ery- 


Hypertonic, lsotonic solution Hypotonic Solution 
Solution 


Crenotedcell Unchanged cel]. Swollen cell 
Fig. 2-76. Experiment to show the changes that take place in the cell when 
immersed in different comotie solution. 

throcytes are placed in a 0:95, solution of sodium chloride 
(isotonic solution), no structural change takes place, When 
erythrocyte is placed in 1% solution, (above 99 hypertonic) the 
erythrocytes are shrinked due to excessive exosmosis i,e., loss of 
Solvent. Again when the erythrocytes are placed in hypotonic 
sulution (less then 0:95), the cells Swell and eventually rupture 
due to endosmosis i.e., entry of solvent molecules, 


Osmotic relations of a Plant cell: Due to endosmosis, 
animal cells swell and eventually may rupture. The plant 
cells are protected from bursting by the presence of a rigid 
cellulose wall but the inflow of fluid considerably 
the intracellular Pressure. It is known as hy 
Or turgor pressure (TP). Due to this pressu 
Stretched which exerts an equal back 
content, Thus the hydrostati S 
inflow of water takes place. 


turgid state and the pressure that is exer 


increases 
"drostatic pressure 
re the cell wall is 


turgor pressure (TP). This is known as gu 
Or diffusion pressure defieit (DPD). The rel 
can be expressed as 2 SP(DPD)- 0p mp, 
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Plasmolysis and deplasmolysis $ In the normal condition, the 
cell sap presses the protoplasm against the cell wall which, being 
elastic, is distended like an inflated football. The cell sap of the 
cell possesses a certain osmotic pressure. When a cell is placed in 
an external hepertonic solution, water begins to pass out of the cell 
due to exosmosis with consequent shrinkage in the volume of the 
vacuole along with the protoplasm. As a result of this, the proto- 
plasm begins to retract from the cell wall and ultimately separates 
away from the cell wall, assuming the shape of a more or less 
spherical mass lying ` generally at the centre of the cell. This 
phenomenon of shrinkage of protoplasm of cell due to loss of 
water by exosmosis is known as plasmolysis- This cell is now 
called as plamolysed cell. 


Cell wall 


Protoplasm 
A B 


Fig. 2,77. Diagrammatic views of plasmolysis and deplasmolysis. (A) Normal 
cell, (B) Plasmolysd cell and (C) Deplasmolysed cell. 


If the plasmolysed cell is again immersed in hypotonic solution 
orin pure water, endosmosis takes place i.e., water from outside 
will enter into the cell which will gradually become turgid. This 
phenomenon of recovery of turgidity due to endosmosis of water 
is known as deplasmolysis- 


@ Experiments to demonstrate the phenomenon of osmosis * 


4. Experiment of osmosis through parchment membrane * 
Take a thistle funnel and close its mouth by parchment paper. 
Invert the funnel in a beaker containing water and fill the funnel 
with strong salt (NaCl) or sugar solution. 
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Observations After a few hours it will be observed that the 
: E previous level of solution 
Clamp rises higher in the tube 


Sugar of the funnel. 
solution 


Inference: This rise 
oflevel of solution is the 
result of accumulation of 

Beaker ' Waterin the funnel due to 

Thistle the diffusion of the water 
funnel 3 

from the beaker into the 

Semipermeable — funnel through the parch- 

eee ment paper (membrane) by 

Sewanee tage the process of endosmosis. 


2. Experiments to de- 
Fig. 2.78, Experiment to demonstrate osmosis, is 
teach patina (semipermeable) mem- ™MOnstrate the osmos 


brane, through potato (potato 
oSmometer): Take a large-sized potato, Remove its skin 
and cut the base to 


make ita flat rectangular 
block. Make a hollow 
cavity in the centre with 
the help of a knife and 
fill this Cavity with 
Strong salt or Sugar 
Solution. Mark the 
level of the Solution 
With an alpin. Place 
the potato cup osmos- 
Cope onits flat end in ( 
a beaker of water (level Fig, 2.79, Potato osmosis experiment : a-initial 
of water should not be on URN Pond : 

Higher ti "s or lagram Showing few cells of the potato 


-otato Tuber 
Skin removed) 
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Observation g After a few hours the solution in the cavity 
will rise and its colour also will become pale red. 

Inference o This experiment reflects the phenomenon of cell to 
cell osmosis. By osmosis the diffusion of water molecules 
(eosin containing) takes place from the beaker to the cavity of 
the potato through the cell membrane. 

Significance of Osmosis : Few significances are as follows : 


1. Osmosis governs the diffusion of water from the soil into 
ahe root hairs. ; 

2. Osmosis is mainly responsible for the movement of water 
from the non-living xylem elements into the living cells. 

3. Osmosis controls the cell-to-cell diffusion of water in 
the living cells. 

4. Osmosis is essential for making the cells turgid. Turgidity 
is necessary for enlargement of meristematic cells, the growth of 
certain organs, rapid multiplication, movement of guard cells 
and for forcing water into the xylem vessels. 

5. The osmotic concentration of cells play an important role 
in determining their resistance to drought and frost. 

6. Osmosis indirectly controls the phenomenon of dehiscence 
of anther lobes, sporangia and fruits, because these are the results 
-of the differences in the turgidity. 

7. Absorption of digestive materials from the villi of animal's 
ántestine. 


Impermeable membrane 


Semipermeable 
membrane 


| Sugar 
molecles 


Mn I 
' Sugar 
«rystals 

Fig. 2.80. Comparison between (A) diffusion and (B) osmosis. 
$. Continuous osmotic exchange is going on amongst blood, 


tissue fluid, tissue cells and lymph in the capillary bed. 
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Table No. 2°10 
Differences between diffusion and Osmosis 


Diffusion Osmosis 

1. This term is applied for 1. It is particularly takes 
gases, liquids and solids, _ place in liquids only. 

2. It takes place freely or 2. Ittakes place only thro-- 
through permeable or ugh semipermeable mem- 
semipermeable membrane. brane. 

3. The diffusion of the solu- 3. In this process only diffu- 
tes-and solvents-molecules sion of solvent molecules: 


take place independently 


takes place when they are 
when two solutions are 


separated by semiperme- 


mixed. able membrane. 

4. Diffusion takes place be- 4. Osmosis takes place be- 
tween different types of tween similar type of sol- 
solvents. vents of two different 

5. Rate of diffusion is deter- concentrations. 

PS Cr Steepness of 5. Steepness does not affect 


the rate much. 
i Le E E E E 


2:88. ABSORPTION : 


Definition : The process by which the water aud other 
chemical substances in the form of solution are transported 
to the cell through the cell membrane is known as absorption. 


Absorption of water in plants : 


Water is an im t 
constituent, ET" 


It is necessary for plants in various ways. 
Importances of water for plants ? 


Protoplasm is the physical basis of life and life is manifested by 
the activity of the protoplasm. Protoplasm normally contains 


80-90% of water. If this percentage is less, protoplasm becomes 


inactive and if it is still Jess then ulti : è 
: timate] 
leading to the death of the organism (cell). ely it may die 


(ii) Water as a solvent for th 
e foods of plant : 
take their foods only if it is available in the nam of 


There is necessity of water which acts a Solvent for plan 


(i) Protoplasm'e activity : 


Plants cam 
à solution. 
t foods. 
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(iii) Water for various biochemical reactions in the p'ant call: 
Hundreds of biochemical reactions take place in the plant . cell. 
Many of these require the direct involvement of water or presence 
of water. For example, a process where starch breakdown into, 
i.e. hydrolysis of glucose sugar there is requirement cf water. Direct 
involvement of water is seen in photosynthesis where photolysis. 
(breakdown of.water into H* and OH-) of water takes place. 

(iv) Maintenance of torgidity : The shape of a plant and its 
parts is maintained due to turgidity (a phenomenon by which the 
liquid contents of the cell exert a pressure known a ‘turgor 
pressure? on the cell-wall to keep it in a fully stretched condition). 
The turgidity is well-maintained if adequate amount of water is 
present in the cell. Maintenance of turgidity is also important in 
keeping the stomatal aperture open for regulating gaseous exchange 
and transpiration. Growth is also facilitated by the maintenance 
of turgidity. 

(V) Translocation of solutes : Movement of solutes sometimes 
takes place along with the movement of water. 

Availability of water for plants : Water that becomes available 
as the source for the plants may be present in different forms’ 
as follows : 

(i) Gravitational water $ When rain water falls on the ground,. 
a part of it rapidly percolates in the soil in response to the force 
of gravity. Soil particles cannot retain it. However, a little of 
it is absorbed by the roots. 1 

(ii) Hygroscopic water ¢ Some amount of water is always held 
by soil particles tenaciously, and it is known as hygroscopic water. 
Hygroscopic water is of very little importance to plants as the roots 
cannot get it extracted from the soil particles. 

(iii) Capillary water s The thin film of water loosely adhering 
to the soil particles is called the capillary water. Root hairs can 
easily extract this water for absorption. It is the most common 
source of water for the plants. i 

(iv) Chemically combined water ê At times, water is present 
in the soil in a chemically combined form (for example 
FeSO,7H,20 ; Alg(SO4)3 24 H20, etc.). It is not at all easy for 
the root hairs to get such combined water extracted for 


absorption. 
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(v) Rain water? Rain water fallson the aerial parts of the 
plant and some portion of it is directly absorbed through the 
epidermis. As such wilted plants when receive a shower of rain 
become turgid. 


Regions of absorption of water and solutes ¢ Water is usually 
absorbed by the entire root system. But, on close examination it 
is seen that the maximum absorption takes place in the area exten- 
ding from the region of elongation to the region of maturation . 
because of the followiug three main reasons 2 


(i) Presence of root hairs increases the absorpting surface. 


(ii) Due to the growth processes (elongation and maturation 
of cells) the rate of respiration becomes more in this region and 
hence energy for active absorption is provided to facilitate greater 
absorption of water. 

(iii) Root hairs are characteristically unicellular and appear as 


projections of the epidermal cells in order to facilitate easy absor- 
ption of water. 


Mechanism of water absorption : 


The exact mechanism of water absorption is a matter of 
controversy. Some say that it is osmotic and others are of the 
view that it is non-osmotic. Some opine that absorption may be 
active and others say that it is passive. For our convenience let 
us discuss it as passive absorption and active absor ption. 


l. Passive absorption: Passive absorption is that process 
during whieh the root cells remain inaetive or passive and there 
is no need for the expense of energy for the process. The process 
is as follows 3 

Evaporation of water takes place from the leaves during the 
process oftranspiration. This loss of water causes lower water 
potential (ie., low water content) in the leaf cells. Xylem cells 
present in the veins and veinules of the Isaf blade are in contact 
with the leaf cells. So water is drawn from the xylem cells of 
the leaf, causing a pressure or tension which is gradually extended 
to the xylem cells ofthe stem and the root. As Such, a pressure 

or tension is exerted on the entire conducting system. Gradually, 
other root cells and the root hairs come under this tension. It is 
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known that there is a great cohesive force between water molecules. 
The water column starting from the leaf down to the root hair and 
the soil solution make a continuous system due to this cohesive 
force. As transpiration goes on from the surface of the leaf the 
entire water column is drawn from below. Just like the fact that 
by drawing one end of a rope the other end is automatically pulled; 
similarly,as evaporation goes on from the surface of the leaf and 
pull is extended on the water column, water from outside is auto- 
matically absorbed. In this case, the root cells remain passive 
(inactive) because there is no expense of energy. Such absorption 
can also take place in complete absence of roots. This kind of water 
absorption is known as passive absorption. It is said that a 
greater part of the water taken by a plant is absorbed by passive 
mechanism. : 


Active absorption: The ideal condition for transpiration, 
which causes passive absorption to take place, does not always 
exists in plants, still absorption of water goeson. We cannot 
account for such absorption without assuming a different 
mechanism where root cells are thought to be active. Absorption 
of water also has been found to occur even in decapitated plants. 
Plants defoliated during the spring season also absorb water. 
The cause of absorption of water is not always generated on the 
surface of the leaves, as it happens during passive absorption. 
Hence, water must be absorbed where root-cells are active. This 
is called active absorption. i 


Definition : The process of intake of water by root hairs 
with expenditure of energy is known as active absorption. 
During active absorption root cells remain active and metabolic 
energy is also utilised. There may be two possibilities for 
active absorption, i.e., osmotic active absorption and non-osmotic 
active absorption. 


(A) Osmotic active absorption : Root-hair cells are in contact 
with outside soil solution. The cell sap is supposed to be more 
concentrated than the outside solution (in other words, the 
water potential is more on the outside solution than in the 
cell sap). There plasma membrane acts as the. semiper- 
meable membrane. So, the process of osmosis sets in and the 
outside solution being less concentrated (or having greater water 
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potential) water from outside gets into the cell (to a place of lower 
water potential) 


(B) Non-osmotie active absorption: The ideal condition 
for absorption of water by osmosis may notalways be there. In 
the absence of osmosis the same amount of water may even be 
absorbed. But, it is possible at the expense of energy released 
during metabolic processes. The root-cells remain active and the 
energy released by the root-cells is also utilised for the process. 
This is another type of active absorption where root-cells remain 
active during absorption. i ^ 

Path of water absorption by roots : 
hair is semipermeable and made up of cellulose and 
pectin. The diffusion pressure deficit ( suction on pressure 
inside the root-hair is more than that of the capillary 
water, with the result that water is diffuses into the root- 


The cell wall of root- 


Soil particle Epiblema Endodermis 


Xylem vessel 
Fig. 2,81. Diagram showing 
The arrows indicate t 


hair by the phenomenon of endosmosis, till an equilibrium of 
pressure between these two is not established. The 

ayer of cortical cells becomes 
more than the diffusion Pressure deficit of the root-hair after 
the absorption of water by the later, Hence, the water of the 
root-hair diffuses into the first cortica] layer, with this movement 
of water the diffusion pressure deficit of the Cortical layer decreases 
and that of the root-hair. increases. . This increase is counter 
balanced by further diffusion of water into the root-hair from the 


the path of water from the soil into the root. 
he direction of movement of water, 
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soil. Similar phenomena occur in between the different adjoining 
cortical layers, endodermis, pericycle and xylem vessels. Hence, a 
continuous stream of water is maintained from the root-hair to 
xylem vessels. 


Experiment to show the phe- 
momenon of water absorption : f 
Experiment: Take a wide- A 
mouthed bottle (Fig. 2.82). LD 
Attach a manometer into the 
side-mouth through a cork. co Sra 
Fix a small plant in the wide = 
mouth of the bottie through poot 
-a cut cork, with roots dipped 
inside. Fill the apparatus with 
water and pour few drops of 
-oil in the manometer. Keep 
the apparatus for 2-3 hours. 


Observation and inference : 
It would be observed that the: 
“evel of water in the manometer 
falls down. It is due to absorp- 
tion of some amount ofwater O &c---— 


. through  root-hairs by the EN 
Fig 2.82. Diagram showing rate of 


plant. absorption of water in plant. 


‘Factors affecting water absorption : 


((a) External factors : 


iJ. Available soil water? Increase in capillary water content 
«Df the soil increases water absorption to certain extent. 


2. Soil air: The process of absorption (active) involves the 
expenditure of energy released in the process of respiration. 
O,, which is essential for respiration, is also essential for water 
absorption. 


3. Soil temperature : The rate of water absorption increses 
«markedly with a rise in soil temperature upto a certain limit. 
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4. Concentration of mineral salts in the soils Absorption: 
of water is related to high concentration of salts in the soil water 
because they increase the osmotic pressure of soil solution. 


(b) Internal factors : 


(1) Transpiration : The rate of absorption of water increases. 
through the removal of water from the plant body by transpiration.. 


(2) Root pressure: It helps in the conduction of water from 
root-hair region to the xylem vessels and consequently is respon- 
sible for continuous absorption. 


(3) Osmotie pressure of root-hairs : Increase of cell sap of 
root-hair increases absorption of water. 


(4) Root anatomy: In certain cases the anatomy of root is- 
responsible for the absorption of water. 


Water absorption in animals Like plant cell, the most. 
important constituents of the animal cell is also water.. The 
physico-chemical forces viz., mainly osmotic pressure, hydrostatic 
pressure, endosmosis are the main factors which play important 
role in the water-absorption in animal. : The absorption of 


Water is influenced by the presence of salts in it. Water is. 
absorbed actively and passive] y. 


Site of absorption : Water is absorbed from the g 
tinal tract. Very little amount of water is absorb 
Stomach. Small intestine js the chief site of Water 
‘Large intestine absorbes residual water. 

Absorption of ions: 
are absorbed through the 
known as absorption of io 
by two processes ; 


astro-intes- 
ed from the. 
absorption. 


The process by whieh the substances 
membrane of the cell in ionie form, is 


ns. The absorption of ions takes place 


The electrolytes (minerals) 
Cell in ionic form. It takes 


gh the cell membrane by passive 
he size of the ion, (b) its solu- 
n gradient (difference in concent- 


process is determined by : (a) t 
bility in lipids, (c) concentratio 
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rations), (d) electrical gradient and (c) the charge characteristics 
of the ions. 


2. Active absorption of ions: Not only do some molecules 
cross membranes more rapidly than expected but some are even 
moved form a region of low 


concentration into a region Outside rici Inside 
of higher concentration. Such E Diffusion C 
movement is quite contrary 
to that expected for diffusing C Diffusion — g 

^ 5 -C—-$8 C 
molecules because diffusion Energy 
can never lead to the net : 
movement of molcules uphill x ae 
against a concentration S= Absorbed C= Carrier E= Enzyme 
gradient. In order for mole- SUDORE 
cules to move ugainst a con- Fig. 283. Active absorption. 


centration gradient energy must be supplied. The energy is 
derived from the break down of ATP. Thus movement of 
molecules across the cell membrane from a region of low to 
high cocentration with the expanse of energy provided by 
chemical reactions within the cell is known as active absorption 
or active transport. 


The active transport of ions through the membrane take place 
in presence of specific carrier system. The active transport 
( absorption ) through the living cell membrane is the best 
example. 

The surface of the cellis the only portion coming in direct 
contact with the fluid immediatly surrounding the cell is called 
the extracellular fluid. The fluid present within the cell is known 
as intracellular fluid, A difference in ionic conceniration exists 
between these two fluids. Generally Na* ions are more in extra- 
cellular fluid whereas K* ions are more in intracellular fluid. . 
Allthough these cataions are freely permeable through cell 
membrane, yet the cell maintain a difference of ionic composition 
which take place as follows. In this process a carrier (Y) plays an - 
important role. Nat which enters from extracellular fluid into the 
intracellular fluid combines with the carrier ‘Y°’ present in the 


Bio-9 
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inner surface (towards cytoplasm) of the membrane. It form NaY 


CELL complex(Na* acts as substrate 
 Menbrane this substrate combins with 

QUTSIDE INSIDE A 
carrier and forms substrate 
Slow carriercomplex). The complex 
id then moyes to the outersurface 
ia where NaY gets free and the 
; Ve carrier Y suffers some chemi- 


Na ^ 
Shige ADP +Pi cal and structural alteration 
so that it is converted to ‘X’ 


ATPase 4 ` 
2 i which subsequently combines 
^ Ker with K*to form KX. This 
i DD complex then moves to the 
Ma id lala inner surface of the mem- 
passive brane where energy is pro- 


outflow i 
vided for the release of K* 


and also for the conversion 


Fig. 2'84. Mechanism of ionic HU etsy". Berg 
absorption through cell membrane. for this change is derived 
‘from the hydrolysis of ATP molecules (ATP-ADP+~—P) by 
the ATPase. The carrier Y thus generated combines again 
with Na* and the cycle repeated. 

Itis also presumed that this mechanism is more effeciive in 
transporting Na* than K*. In fact, the hydrolysis of one ATP 


provides the energy for the linked transport of 2K* towards the 
outside of the cell. 


Table No. 2°11 
Differences between passive and active ion absorption 


Passive absorption | Active absorption 
i. Movement of ions across |1, Movement of a aooe 
the membrane take place the membrane take 
in fayour of concentration place against concentration 
gradient. gradient. 
2. No energy is required. 2. Expenditure of energy 
required. 


—————————— 
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(Cont.) Table No. 2-11 


Passive absorption Active absorption 


3. A specific carrier is nece- 
ssary in this process. 

4. No change of respiratory | 4. Respiratory rate increased 
rate takes place. 

5. No enzymes are involved 


No carrier is necessary for 
this process. 


during this process. 
5. Enzymes are involved. 


SUMMARY 


Cell is struetural and functional unit of living organism. Cells are of two 
types (a) prokaryotic cell which lacks true nucleus e.g., bacteria, blue green algae 
and (b) eukaryotic cells which contains true nucleus e.g, algae, fungi protozoa 
and other plants and animals. The general eukaryotic cell composed of outer 
covering plasmalemma made .up of lipoprotein and cellulose-made cell wall 
(in case of plant cell), At the centre of the cell the porus membrane-bound 
and chromosome containing dense round nucleus is present. In the nucleoplasm 
of the nucleus contain one or more conspicuous darkly stain spherical nucleolus. 
The protoplasm surrounds. the nucleus is known as cytoplasm which 
is homogeneous vacuolated, grannular colloidal semiffuid substance. It contains 
living substances called cytoplasmic organelles and non-living substances 
called ergastic substances. 

The important cytoplasmic organelles are (a) Endoplasmic reticulum— 
This is a system of membrane bound net work present in cytoplasm. lt consists 
of cisternae, vesicles and tubules, (b) Golgi bodies—lt is membrane bound 
organelles made up of cisternae, small vesicles and large vacuoles. (c) Mito- 
chondria—These are sausage-shaped matrix filled bodies surrounded by the 
double membranes. The inner one of these bears cristae. Here the different 
foods are oxidise which libert energy. It is stored as ATP. (d) Vacuoles— 
These occur in the form of globular structures inside cytoplasm. In a mature 
cell the vacuole may account for as much as 90% of the cell volume. Each 
vacuole is surrounded by a cytoplasmic membrane tonoplasm and contains 
cell sap. (e) Plastids—These are characteristic feature of plant cells. Generally 
they are disc-Shaped and are of three kinds, leucoplasts (colourless) and chromo- 
plast (yellow, organge or red colour) and most important plastid chloroplast. 
(green colour) Each chloroplast is bounded by two semipermeable membranes 
and filled with stroma (ground substances) in which grana (made up of fla- 
ttened sacs, the thylakoids are present, It absorbs atmospheric CO liberates 
O, and manufacture starch and sugars. (£) Ribosomes—Complex ribonucleopro- 
tein particles that in conjunction with m RNA and t RNA and several other 
factors, constitute the site of protein synthesis in cell. (g) Lysosomes—Single 
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membrane bound one of the smaller organalles generally found in car cells. 
Functionally they are four types i.e., primary lysosome, ur ae 
residual body and autophagosome. Lysosome contains number gc n 
enzymes (hydrase) in an inactive state. (h) Centrosome- This is the € ; 
tic feature of animal cell. It consists of centrioles and centrospere. p | 
in cell division, 


The important ergastic substances (non living substances) are classified 
into three groups ie., reserved products (carbohydrates, proteins, fats or oils), 
secretory products (nactar, colouring materials, hormones, enzymes etc.) and 
excretory products (mineral crystals, cystolith, raphides etc.) 


Physical functions of cell : (i) Diffusion is define as process of movement of 
particles or molecules of a substance (solid, liquid or gas) from a region of its 
higher concentration, The medium of diffusion may bea gas or a liquid. 
(ii) Osmosis : The process of diffusion which take place through a semipermeable 
‘membrane is known as osmosis. ‘The cell membrane acts as semipermeable 
membrane, These two phenomenon inyolved in the process of absorption of 
solution (solute +solvent) through the cell membrane, (iii) Absorption is the 
process by which solution are transported through the cell membrane. Ti is 
two types passive absorption, the process of absorption without expenditure 
of energy and active absorption which take place with expenditure of energy 


THINGS TO REMEMBER 
EE 


Cytology is the study of the structure and function of cell. 

2. Electron microscope (EM) is the instrument which uses a focused beam 

of electron to produce an enlarged image of an object. 

Robert Hooke was the first man who used the term cell, 

4, Cell theory holds that all living organisms are composed of cells and 

cell products, 

« Mycoplasm is the simplest and smallest cellular organism. 

- Biggest animal cell is the egg of Ostrich, 

Biggest plant cell is the acetabularia, a unicellular plant cell, 

Longest animal cell is the human nerve cell, 

. Longest plant cell is the bark fibre cell of Ramie, 

10. Prokaryotes is the organism (usually unicelln 
true nucleus, - 

ll. Eukaryotes is the Organism (unicellular or mu 
contains a true nucleus, 

12. Nucleoid is the nuclear regi 
isolated by the membrane; 

13. Eseherichia coli (E. Coli) is the prokaryotie bacterial organism, 

14. Bacteria is the prokaryotie cellular organism with rigid cell wall. 


Boehmeria nivea. 
lar) which lacks of a 


Iticellular) whose cell 


ion within a prokaryotic cell but not 
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Virus is the micro-organism consisting of a DNA or RNA core surr- 
ounding by a protein coat, capable of replicating only within the cell 
of a host organism. ; 


. Viroidis the virus-like particle consisting of a single RNA molecule 


without a protein coat. 


. Plasma membrane is the lipoprotein. structure serving as a selective 


barrier between the cell’s cytoplasm and. its immediate enviormment. 
Robertson’s unit membrane model is the early. model of plasma- 
membrane structure consisting a bilayer lipid sandwiched between 
two layers of protein. j 

Fluid mosaic model is the currently accepted model of plasmaniem- 
brane structure postulating integral proteins embeded in the lipid 
bilayer. 

Endocytosis is the collective term for several phenomenon involving 
the surrounding and. ingestion of various substances by the cell- 
membrane. : 

Exocytosis is the energy requiring process by which secretory granules 
discharge their contents by fusing with the cell membrane. 
Phagacytosis (‘cell eating") is the process of ingestion of particulate 


` material by the cell either as a means of feeding or defense. 


25. 


32. 


33. 
34. 


Pinocytosis (“Cell drinkin g”) is the process of ingestion of proteins 
and other soluble materials by the cell. 


. Desmosome is the thickened areas of plasma cell membranes of two 


adjacent cells from which radiates out fine tonofibrils, 

Cell wall is the rigid exoskeletal structure enclosing and protecting : 
the contents of most plant and some bactrial cell. 

3 ep is the cytoplasmic bridges between adjacent plant 
cells. 

Protoplasm, according to Schultz an Huxley, is “the physical basis 
of life". 

Cytoplasm is the protein of cellular protoplasm which occurs between 
the plasma membrane and nuclear membrane, 

Organelles are the structures in the cytoplasm of a cell which take 
an active part in the life and function of the cell, viz., chloroplasts, 


. Endoplasmic reticulum (ER) is the system of membrane-enclosed 


cytoplasmic channels involved in cellular transport processes, 

Golgi complex, the cytoplasmic organelle which have a complex 
system of tubules and vesicles and which is related with the produ- 
ction of cellular secretions. 

Lysosome is the single-membrane bounded organelles containing 
many kinds of hydrolytic enzymes involved intracellular digestion, 
Suicide bag, Lysozome is known as suicide bag. 

Vacuoles is the fluid filled cytoplasmic structures for storage of excess 
water, waste products, soluble pigments, etc. 
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35. Residual body is. the vacuole containing indigestible Substances, 

36. Primary lysosome is the Small Storage vesicle formed from ER, 

37, Heterophagosome the digestive vacuole resulting from the ingestion 
of foreign substances by the cell, 

38. Autophagosome is the specialized lysosome containin 
of the cell in the process of digestion, 

39. Mitochondria is the membrane-enclosed organelle that generates 
chemical energy in the form of ATP. 

40. Crista is the infolding of the inner mitochon drial me 

41. F,-Particle (Fernandez Moran subunit) are the me 


Structure located on the matrix side of the cristae, 
42, Power house, mitochon 


g Some parts 


mbrane bound 


44, Chloroplast, the chlorophyll c 
thesis occurs, 
45. Thylakoid is the flatten: 


52. Cilia are minute hair | 


ike projections from the 
eg. Paramecium, 


Surface of certain cells, 


? cell surface, 
cylindrical Structure located at the 
base of each flagellum or cilium, 


tical microtubular Organelle inyolved 


metabolism and division 
58. Karyotheca is the q 
and genetic material, 
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. Chromatin is the nuclear material composing chromosome, 
. Diffusion is the moyement of molecules of liquids and gases from 


regions where they are highly concentrated to regions where they are 
less concentrated until they are. equally distributed. 


. Osmo*isis the diffusion of water molecules through a semipermeable 


membrane from a weak to a strong solution. 


. Osmoregulation is the control of the movement of water in and out 


of cells by osmosis. 


. Endosmosis is the diffusion of water molecules from outside into the 


cell, 
Exosmosis is the process of exist of water molecules from cell to the 


' outside, 


Osmotic pressure is the pressure required to prevent water entering 
a solution by osmosis, 

Hydrostatic pressure is the pressure caused by the amount of water 
inside the cell. 


. Turgor pressure is the hydrostatic pressure with which the cell-sap 


presses the protoplasm against the cell wall. 


. Plasmolysis is the shrinkage of cell cytoplasm owing to loss of water 


by osmosis (exosmosis). 
Deplasmolysis is the process of entry (endosmosis) of water into 
plasmolysed cell and thus gradually regains its distended condition. 


. Active abscrption is the energy requiring process by which molecules 


or ions move through the cell membrane in presence of carrier. 


. Passive absorption. is simple diffusion process that take place from 


higher concentration to lower concentration, 


@ Graded Exercise @ 
Long answer type: 


Discuss in short the historical background about discovery of cell, 
What is cell ? Describe about the shapes, sizes and number of differ- 
ent type of cells. 

Define cell? What is the type of a bacterial cell? Describe a bact- 
erial cell with suitable diagram, 

Define prokaryotic cells ? Describe E. coli with a suitable diagram, 
What do you mean by prokaryotes and eukaryotes? Draw a typical 
eukaryotic plant cell and mention its distinguishing parts with that 
of an animal cell. 

What is cell membrane? Describe the chemical structure of cell 
membrane. 

Describe the important functions of cell membrane. 

What is cell wall? In which cell it is found ? Describe in short the 
structure of cell wall. 
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Describe the different patterens of ornamentation that takes place due 
to thickening of the cell wall. 

What is cytoplasm ? Describe the physical and chemical nature of 
cytoplasm, Is there any difference between ‘cytoplasm’ and proto- 
plasm ? 


What do you mean by cellular “organelles ? Mention the name of 
different organelles, 


- What is endoplasmic reticulum ? Deeribe its structure and functions, 


Why a cellular organelle is known as Golgi body ? Describe its struc- 
ture and functions, 

What is lysosome? Where it is found? Describe its functions, 
Name the enzyme found in it, Why it is known as ‘suicide bag” ? 
What do you mean by vacuole? Mention the different types of 
vacuoles found in the cell in relation to the cellular functions. 

Give an account of the electron microscopie structures of chloroplasts 
and mitochondria, 

What is plastid ? Dereribe the electron microscopie structure of a 
chloroplast, What are the functions of plastids ? 

What is ribosome? Discuss its structure and functions. 

How are microtubules assembled ? Describe their structure, 

What are the structural similarities between cilia and flagella. 


What is centrosome ? Where it is present? Describe the ultrar 
microscopic structure of it. 


. Define uucleus ? Describe the structure and functions of it. 


What do you mean by ergastic substance ? Where they and found? 
classify with examples, 


Define osmosis ? Describe its physiological role on plant are animal. 


. Define diffusion, Discuss its role on living organism, 


What is absorption? Describe how water and salts enter within 
root hairs. 


- Short answer type : 


What is cell ? Name some cells which do not contain true nucleus, 
mitochondria or ER. Mention two peculiar characteristic features of 
this type of cell, 

Mention the name of smallest, biggest, largest and longest cells. 
What are the units used for the measurment of the cells ? 

What is Blue green algae ? Discuss its structure, 

Discuss what do you know about mycoplasma ? 

What is virus ? Describe it with lebelled diagram. 

Describe the structure of secondary cell wall, 

What is plasmalemma ? Describe its chemical structure. 


What is protoplasm ? Mention some of its properties, 
What is phagocytosis ? 


36. 
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What is pinocytosis ? 

Why do you mean by cell organelles ? Name the organelles ` which 
remain covered by double membrane; single membrane and without 
membrane. 

Mention some important functions of cytoplasm. 

What is mitochondria ? Why it is called power house of the cells. 
Who invented golgi bodies ? Mentaion its one important functions. 
What is lysosome ? Mention its different forms found in the cell- 
Name the cell where plastids are not found ? Describe the func- 
tions of chloroplast. 

What are alkaloids. Mention the name and sources of few alkaloids. 


Very short answer type : 

Who discovered cell ? 

What is the unit membrane of a cell ? 

Whatisa fluid dynamie mosaic model of Singer and Nicholson ? 
Where the energy of the cell is generated ? Who discovered this ? 
Who discovered Golgi body ? ‘Which organelle of cell is concerned 
with secretory activity 1 

Name the organelle which causes intracellular digestion, 

What is the main functions of centrosome ? 

Name the part of the cell which controls all the cellular activites. 
Removal of which part of the cell causes its death. 


. "Name the physical processes by which absorption of food, urine for- 


mation, gaseous exchange in the lungs take place, 


Distinguish between : 


Prokaryotie cell and eukaryotic cell: - 
Primary cell wall and secondary cell wall, 
Plasmadesmata and plasmalemma, 
Simple pit and bordered pit. 

Pinocytosis and phagocytosis. 


. Endocytosis and exocytosis. 


Ectoplasm and endoplasm. 
Hyloplasm and endoplasm. 


Chloroplast and rhodoplast. 
Leucoplast and chromoplast. 
Grystalloid and globoid, 


'. Raphide and spheraphide. 


Hypotonic and hypertonic solution, 
Nucleus solution and nucleolus. 


Multiple choice type Questions : EN 


Cell was discovered by— Robert Hooke/Dujerdin [Leeuwenhock. 
oal tony was established by—Schwann/Schwann & Schleides 
Schleiden. ; 
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The biggest cell is—Ostrich egg/turtle egg /duck egg. 
The smallest cell is—mycoplasm/phagvirus /amocba. 


+ The longest cell —muscular cell/nerve cell/bark fibre. e 


Bacteria are—prokaryotes/eukaryotes. 

Animal cell membrane—continnous/porous: 

Cell wall is—living/non-liying covering, 

The cytoplasmic connection of plant cell is known as—plasmodes- 
mata/endoplasmie reticulum /plasmalemma/microvilli, 

The middle lemella of cell wall "present—in between primary cell 
walls/between primary and Secondary cell wall. 

The cytoplasmic matrix are ealled—hyaloplasm/cetoplasm /endo- 
plasm, t 

The cytoplasmic organelle which produces heat energy is known as— 
mitochondria /lysosome/ribosome/microsome. 

Protein synthesis take place by—rough ER/smooth ER. 

Centriole is made up ofÉ—DNA [RNA [microtubules, 

Centrosome present in—plant cel] /animal cell. 

Plastids is present, in—plant cell/animal cell. 

The shape of chloroplast in Spirogyra is—cup shapped [ribbon type. 


he animal body is starch/Dextrin/ 
glycogen cellulose, 


Tanin is a—/N, containing/non nitrogen containig substance, 
Diffusion is the migration of molecules from—higher to lower/lower 
to higher Concentration, 

When a R.B.C. is placed in the hy 
no change/the R.B.C. burst, 

The water is absorbed through the plant roots by—diffusion /osmosis/ 
Shrinks /root pressure, 


Active absorption takes place—in presence of energy/in absénce of 
energy, 


potonie solution—the R.B,C. 


F. Put the mark |J on correct answer : 


93, 
94. 
95. 
96. 


97, 
98. 


Protoplasm isa polybasic— 
Protoplasm contain more— 
Which part of the eell ig r 
(a) mitochondria, 
reticulum. 


Which cytoplasmic organelles synthesis protein - 
(b) lysosome, (c) E.R. (d) Golgi bodies, 


Cell wall is made up of—(a) cellulose, 
protein, 


Chromatin is made up of—(a) RNA, 


(a) solution, (b) colloid, (e) lipid. 

(a) glucose, (b) protein, (c) fat, (d) water. 
*sponsible for electron transport system - 
(b) ribosome, (c) Golgi bodies, (d) endoplasmic 


(a) mitochondria, 


(b) lipid, (c) Protein (d), lipo- 
(b) DNA, (c) ATP, 


99. 


100. 
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What is the primary structure of uncleus - (a) sugar, (b) amino acid, 
(c) DNA, (d) fat. 

Vacuole of a plant cell contain -(a) water and soluble chemical 
substances, (b) air, (c) nothing, (d) nucleus, 


101. The length of mitocuondria is - (a) 4 - 20um, (b) 50-100um, (c) 65 - 


102. 


103. 


G. 
104. 


o] 


4. 
Ls 


2. 


l'bum, (d) 150 - 300 um. 

Cytochrome is obtain from-(a) cytoplasm, (b) Golgi bodies, 
(c) nucleus, (d) cell wall. 

Whieh one of the following is visible only under electron micros- 
cope - (a) ribosome, (b) chloroplast, (c) chromosome, (d) leucoplast. 


Write short notes on : 


(1) Robert Hooke, (2) Robert Brown, (3) Robertson, (4) Palade, 
(5) Benda, (6) Camilo Golgi, (7) Prokaryotic cell, (8) Cell theory; 
(9) Phagocytosis, (10) Pinocytosis, (11) Endocytosis, (12) Exocy- 
tosis, (13) Plasmodesmata, (14) Gyclosis, (15) Secondary cell 
wall, (16) Brownian movement, (17) Cytoplasmic matrix, 
(18) Mitochondria, (19) Golgi bodies, (20) Ribosome, (21) Lysosome; 
(22) Endoplasmic reticulum, (23) Centriole. (24) Plastid. (25) Granum 
(26) Stroma, (27) Chloroplast, (28) Ergastic substances, (29) Cellu- 
lose, (30) Glucose, (31) Contractile vacuole (32) Raphide. (33) Spha- 
eraphide, (34) Starch (35)  Lactiferous cell. (36) Nucleus, 
(97) Heterochromatin, (38) Euchramatin (39) Plasmolysis, 
(40) Deplasmolysis, 


Public Examination Questions from this Chapter © 
Long answer type = 


What do you mean by prokaryotic cell ? Bring out its differences 
with eukaryotic cell. (H,S,'80) 
What is prokaryotic cell ? Draw and lebel the different parts of the 
eukaryotic cell (description not required). Mention the differences 
between two cells. ( Tri- H. S+, 82): 
Why the cell is called ‘functional unit’ of life ? What are the 
organelles found in a eukaryotic cell? Give an occount of a cell 
organelle that take part in catabolic activity of life, (Tri, H. S. 84) 
With the help of a lebelled sketch, describe the structure of typical 
animal cell. (H.S'85) 
Distinguish between cell membrane and cell wall. (H. S. '85, 87) 
What is a cell? Draw a lebelled sketch of a typical plant cell and 
describe its stucture. (H. S, '86) 
Describe with a diagram. “unit membrane of Robertson" (J, E-E, '83) 
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16. 


17. 


18, 


19. 


20. 
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What is cell? Draw a labelled sketch of typical animal cell and 
write the functions of Golgi body and ribosome, (H. S.:87) 


What are the functions of cell wall ?. What is middle lamella ? 
ES qu: the name of chemical substances. which agii | p 
Define cell wall ? How do you distinguish it re ETRETRCO 
feces eine ra Describe the strueture au. DE. 


What are cell organelles? Describe the functions of three such 
organelles, (J. E, E, 82) 


Give a brief illustrated account of the Structure of plastid and mito- 
chondria and state their main functions, (H. S. ’87) 


; In which type of cells rough surfaced endoplasmic reticulum are 


found ? Name the cells where endoplasmic reticulum is absent. 
State the functions of endoplasmic reticulum, (J. E. E. '86) 
Draw and deseribe the electron microscopic structure of mitochon- 
dria and give two of its important functions, (H.S.’79, J, E. E. '83) 
What are Golgi bodies ? State their functions. (H,S, '78, Tri, H.S, '81) 
Where are the ehlorophyll molecules concentrated in a chloroplast ? 
Give the empirical formula of chlorophyll a molecules, How does the 
moleeule of chlorophyll a differ from that of chlrophyll-b (J.E.E, '83) 
What are called ergastic Substances of plant? Describe with dia- 


gram the structure of starch and systolith. (Tri. H.S. '84) 
Name two ergastie substances. 


(H: S..’87) 
What is osmosis ? Mention the differences between osmosis and 
diffusion with examples. What do you mean by isotonie and 
hypotonic solution. (J. E, E, '82) 


Explain osmosis with the aid of an experiment of wh: 
Process to animals and plants, 


water passes from the soil into t; 
a herbaceous plant stands errect, 

The cytoplasmic fluid of a cell contain water and sugar 
portion of 50 : 50. What will happened when this cell i 
in separate two solutions of water and sugar in the, proportion of 
(i) 40:20 and (ii) 20 : 40 respectively, (Tri. H, S. '82) 
"When rajanigandha stick is dipped into a beaker containing red 
coloured water, gradually the flowers turn Ted"—explain why this 
change occurs and which Process is responsible for it. (TrI.H,S. '83) 
Or, By which process cell absorbs water. (H. S. '87) 
How water is absorbed by root hairs from the soil? Explain the 
phenomenon with suitable expriment. (Tri. H. S, '84) 


Of what use is osmosis to a grow- 
led diagram to indicate the way in 
by osmosis. (J.E-E, '78) 


at use is this 
Use your results to explain how 
he root hair of plant. Explain how 
(J. E, E '80) 
in the pro- 
S suspenden 


Explain what is meant by osmosis, 
ing plant? Draw a neat and lebel 
which soil water enters a root hair 
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Short answer type : 


. Whatis cell? Give two examples of prokaryotic cell (J-E,E, '84) 


Name a cell where nucleus is absent ? (H.S. '80) 
Draw and lebel the different parts of a eukaryotic cell. 
(Tri, H.S. '82) 
How cell wall is formed? Deseribe the structure and chemical 
nature of the cell wall, (Tri. H.S. '85) 
Whatis phagocytosis ? Mention its significance. 
(H. S. '79 ; Tri. H. S. '85) 
Discuss the factors responsible for permeability of cell membrane. 
(J,E.E, '84) 
Name two types of essential secretory products of protoplasm. 
(LEE. '84) 
Which cell organelles are found only in the plant cell ? (H.S. 83) 


. Draw and describe the structure of a centriole, State the functions of 


centriole. (J.E.E, '86) 
Who first showed the presence of mitochondria in living cell and 
state its function in respiration. (J.E-E. '84) 
Why mitochondria is known as the power-house of the cel]. (H.S. '83) 
What is ribosome ? What is its functions ? ` (HS. '83) 
Name ofthe cell in which endoplasmic reticulum is not found. 
Mention the functions of endoplasmic reticulum. (J.E.E. *86) 
Where are the chlorophyll molecules concentrated in a chioroplast ? 


(J.E.E, '83, '85) 
How secretion takes place by means of Golgi body ? (J-E.E. '87) 


. What is grana ? Where it is found. (H.S. '86) 
. Explain what will happen toa fresh-water fish ifitis placed in 


sea water, (HLS. '84) 


. What do you mean by exosmosis (H.S. '85)/endosmosis ? (H.S. ’86), 


40. What will happened when a living cellis immersed in the following 
solution (i) isotonic, (ii) hypertonic and (iii) hypotonic. (H.S, ’80) 
41. What do you understand by plasmolysis ? (H.S. '81). 
€. Distinguish between: 
42, Prokaryote and Eukaryote (Tri- H.S. '82 ; H.S. '78,80 85 ; 
J.E.E. '83 85) 
43, Bacteria and virus, (H.S, '80) 
44. Pinocytosis and phagocytosis, (Tri, H.S. '86) 
45. Cell membrane and cell wall. (HLS, °78, ’81, '83, '85) 
46, Protoplasm and protoplast. (J.E.E. '82) 
47. Lysosome and lysozyme, (J.E.E.’84, '85) 
48. Lysosome and ribosome, (HLS. '81) 
49. Centromere and centrosome. . (H.S. ’79) 
50, Centrosome and Golgi body. (HLS, '85) 


142 A TEXT BOOK OF BIOLOGY 
51. Chromoplast and amyloplast, (H.S. '85) 
52. Chloroplastid and chromoplastid. (HS. ’81) 
53. Nucleus and nucleolus, (H8. '83) 
54. RNA and DNA, (H.S. ’81, 86) 
55. Euchromatin and heterochromatin (H.S. '80, '83, '80,'87 ; 
Tri. H.S. '805 J.E.E. '87) 


56. Diffusion and osmosis (HS. ’79, '81,'83,; Tri. H.S. '86 ; J.E.E, '85) 


57. Osmosis and absorption 


58. Diffusion and active transport (J.E.E, '84) 


(HS, '8) 
(J.E.E, '83) 


Active absorption and passive absorption. 
Semipermeable and selectively permeable membrane 
D. Write short notes on : 


61. (a) Prokaryotic cell (H.S. "84), (b) Phagacytosis ( H.S, '84, J.E,E, '84 ) 
(c) Cyclosis (H.S, ’86), (d) Mitochondria CELS. ’84, '86), (e) Plastid (H.S. '83), 
(f) Granum (H.S, '86), (g) Cellulose (H.S, 82), (h) Glucose (H.S. '82) (i) Con- 
tractile vacuole ( H, $, '80), (j) Centrosome (H.S. ’87), (k) Starch (HS. ‘82), 
Q) Inulin (H.S. '84), (m) Nucleus (H.5, '83) (n) Root pressure (H.8, '83). 
(0) Pressure gradient/concentration gradient/electrical gradient) facilitated 
diffusion (J. E, E. '87). 
* H,S.- West Bengal Higher Secondary Examination, 
Tri, H. S.—Tripura Higher Secondary Examination, 
J. E. E,=Joint Entrance Examination. 


———— 


(H.S. '85) ' 


CHROMOSOME 
SIRI TURE 


CELL DIVISION 


Syllubus : (a) Structure of chromosome—mentioning chromatids, Centro- 
mere, matrix, gene, chemical nature of DNA and RNA, (detailed structure 
and chemical composition not required). 

(b) Cell division—examples—plant and animal cell. 

(i) Amitosis, (ii) Mitosis and its significance, (iii) Meiosis (out line idea 
about stage and substages) and its significance, 


CHROMOSOME STRUCTURE 


€ CE 

3.1. Introduction: The study of chromosome attracts the attention of a 
distinguished group of scientists from its discovary in life on the biological 
view point a complete set of chromosomes of an organism carry all the in- 
formations required from the begining to the end of its life, In other word 
each set of chromosome on proper activation can develop into a complete 
organism. On the chemical view point chromosomes carry all the informations 
in only four code letters ie, A, T,G and C. Definite sequence of these four 
control the synthesis of active molecules to conduct specific biological activity. 
On the statistical view point it is interesting to know how many harmful or 
beneficial chromosomes are in a population or what will be the fate of an 
individual or a group of individuals of that population, It is now possible 
to isolate the required genes from chromosomes and store them in gene library 
for future use. i 


3:2 Brief history of chromosomes : 


(a) 1848—W. Hofmeister drew the figure of the chromosomes 
of pollen mother cells of Tradescantia. 


(b) Karl Nagli (1842) observed rod like chromosomes in the 
nuclei of plant cells, and was probably the first to report their 
‘sighting. 


(C) 1873— Anton Schneider published a most significant paper 
dealing with the relation between stages of cell division. 


(d) 1879—Walter Flemming introduced the term chromatin 
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the thread like material of the nucleus and in 1882 gave the first 
accurate account of chromosome (‘‘nuclear filaments”). 

(e) 1882—W.  Pfitzner discovered chromomeres (“the 
granules”) on the chromosomes. 

(f) 1887—E. Van Beneden demonstrated that the number of 
chromosomes was halved during gamete formation and that the 
chromosome number was constant for each species, 

(g) 1888 —W. Waldeyer introduced the term chromosome. 

(h) 1901—7. H. Montgomery showed homologus chromosomes 
undergo pairing (synapsis) during reduction division. : 

(i) 1902--W. S. Sutton and T. Boveri suggested that the 
chromosomes are the bearer of heredity. 

(j) 1933—T. H. Morgan discovered the principles of trans- 
mission of hereditary material through chromosome. 

(k) 1935— Heitz, 1939—Kuwanda, 1940—Geitter and 1948— 
Kaufmann have described the physical structure of chromosomes. 

(More information vide, 7th chapter — heredity). 

CHROMOSOME (Gr. chroma, colour; soma, body). 


.3:3. Definition of chromosomes : 


1. The filamentous bodies which 
the nucleus and which become visible 
known as chromosomes. 


2. Chromosomes are 
numbered, rod shaped struc 
cell division. 


3. The gene containing structure in e 
(in prokaryotic cells) or DN 
is known as chromosome. 


are typically present in 
during cell division are 


intranuclear gene bearing, fixed 
ture became clearly visible during 


ells made up of DNA 
A plus protein (in eukaryotic cells) 


owe Nucleolus 


1^ Nucleo an Organiser 
[2077777 Note 7777 


Satellite 


ndary constriction 
Fig, 31. Morphology of chromosome, 
3'4. Size of chromosome + 
The size of the chromosome varie 
The length of the chromosomes 
particular species. The 
vary from 0.2 to 50 «m. 


s from species to species. 
remain constant for a 
length of the chromosomes may 
The diameter of the chromosomes 
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be from 0:2 to 20 um. Among the animals, the Orthoptera 

(grass-hoppers, mantid and their allies) and the Amphibia possess 

the largest.chromosomes. Among the plants the monocots have 

generally larger ones than the dicots with lily and grass families 
_ particularly noteworthy. The plants in general have large-sized 

chromosomes in comparison to the animals. 

3:5. Shape of chromosome + 

The shape of the chromosomes is changeable from phase 
to phase in the continuous process of cell growth and cell division. 
A chromosome contains a clear zone called Centromere or 
Kinetochore. According to the position of centromere, the 
chromosomes may be of the following shape : 

1. Telocentric: It is‘T’ shaped ‘or rod-like chromosome: in 
which the centromere. is situated at the top of the chromosome. 
This type of chromosome is very rare. 

2. Aerocentrie: It is also rod shaped chromosome in which 
the centromere is situated near the end (not at top) of the chromo- 
some. Thus it contains a minute and a very long arm. 


Centramere 


o———Centromere—O»,. 


Submetacentric Metacentric 


Telocentric  Acrocenttic 


Fig, 52. The-four morphological types of chromosomes according’ to the 
position of the centromere. 


4. Submetacentrie: It is ‘V’ shaped chromosome in which 
the centromere is situated some distance away from the middle 
(sub-median). Thus it contains a slight shorter arm than the 
other. 

4. Metacentric: It is also *V* shaped chromosome in which 
the centromere is situated in the middle of the chromosome 
(median). The two arms of the chromosome are nearly equal. 


Bio-10 
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Karyotype The total Characteristic, including number, form 
and size of chromosomes and their grouping in a cell nucleus is 
represented as Karyotype. It is specific in an individual race, 
species, genus or larger grouping. 


3:6. Chromosome number : 


In a particular Species all individuals have same number 
of chromosomes. Chromosomes number are of great importance 


body cells usually contain two Sets of chromosomes, This number 
is known as diploid number (2n) The haploid number of chromo- 
Some of male (n) and female (n) gametes combined and form 2n 
ie., diploid number of chromosomes, Some time the somatic cells 
ofsome animal as well as plant contain more than two sets of 
chromosomes, They are called triploids (contain three sets, 
3n) and tetraploid (contain four Sets, 4n) etc, 
chromosome number recorded in 


Aulakantha (a primitive ani 
chromosomes, viz. 1600 (2n). 


Table 3:1 
Chromosome number (2n) in some common organism 
r 
Animals Chro. No, Plants Chro. No 
1, Amoeba proteus 500 l. Ye 
2. House f 12 2: Onion 16 
3, Mosquito 6 3. Cabbage 18 
t quld fish 100 4. Radish 18 
6. Frogs 26 6 ain es 
7. Turtles 32 7. Rice n 
2 aen 80 8. Tomato n 
» Catt 60 9, Tea 30 
10! Dog 78 10. Bun flower 34 
l. Horse 64 11. Pea nut 
La fruineapig 64 12, Wheat ni 
14, Monkey 49 ij $ oe, u 


15. Chimpanzee 48 
Man 


16, 2. Cotton 48 


CHROMOSOME STRUCTURE 147 


3-7. Types of chromosomes +: 


Functionally the eukaryotic chromosomes are classified 
into two types;  autosomes and sex-chromosomes. Most 
of the chromosomes in the cell are autosomes which 
are responsible for the determination of body structure 
and functions. In addition there are one oF usually two 
sex chromosomes which are responsible for determination of sex 
organ structure and their functions. The sex chromosomes are 
also known as accesary chromosomes, allosomes or heterosomes. 
They carry genes for determination of sex. Sex chromosomes are 
of two kinds, X Chromosomes and Y Chromosomes. These two 
chromosomes viz. X and Y differ in size and morphology. One of 
the sexes has a pair of identical sex chromosomes (XX) , . the 
other may have a single sex chromosome which. may be (XO) or 

paired with Y chromosomes (XY). 

Human gametes are not identical with respect to the sex 
chromosomes. The male is heterogametie (XY) and produce 
either X or Y bearing spetmatozoa in equal proportion. The 
female, being homogametic (XX) produces only X bearing ovum. 
In human species (Homosapiens), the total number of chromo- 
some in somatic cell is 46 (23 pairs). Out of the 46 total chromo- 
somes of man 22 pairs are autosomes and one pair is sex chromo- 
somes. 


3-8. STRUCTURE OF CHROMOSOME : 


During metaphase of the cell division the chromosomes are 
clearly visible under light microscope. Electron microscope 
studies revealed that the chromosomes are made up of the following 
parts, pellicle (p), matrix (2), chromatid and chromomere, centro- 
mere, satellite and gene. 

1. Pellice: ‘The thin elastic membranous structure which 
remain outside the ¢:romosome is known as pellice. 


Secondary _ pri ‘onstriction ^ Secondary ConstrictionL 
Chromomere — esr pele z^ dh eis rece col ediar Organiser) 


Satelite 
Telomere Chromonemata [ote cgi Pellicle Nucleolus 


Fig, $3. Structure of a typical chromosome. 
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2. Matrix: The semiliquid jelly like substance present 
within the pellicle is known as matrix. It is supposed that during 
telophase it is formed from. the nucleolus, similarly during 
telophase matrix reproduce nucleolus. 


The concept of presence of pellicle and matrix in the chromo- 
some has been rejected by reent electron microscopic observation. 

3. Chromatid and Chromomere : Two symmetrical twisted 
woolen thread like structure containing a Single DNA molecule 
and joined together at primary constriction is known as chroma- 
tid. (another type of definition is given in the page no. 110). 

Each chromosome consists of two longitudinal subunits the 
chromatids, which are in very close association with each other 
all along their length. This sister chromatids consist of a number 
of longitudinal subdivisions, the chromouemata (sing. Chromo- 
nema). According to species the chromonema may be composed 
of two, four or more microfibrils. Chromonema shows linear . 
Series of fine beads known as chromomers, Microfibrils contain | 
genes. The microfibrils of the-chromonema remain coiled with 
each other which are as follows : : 

(i): Paranemie coils: The microfibrils are loosely coiled so 
that they can be easily separable 
from each other. 

(ii) Pleetonemie eoils : The 
microfibrils remain inter-twined 


Plectonemic coils Chromonemal threads up intimately that they cannot 
; 222. ber be separated easily. 
É 4. Centromere (Gr. Kentron, 
Fig. 3*1, Two types of coils of chromo- Centre ; mero, Part) : The point 
somal threads. A—paranemie coils, of attachment of Sister chroma- 
B—plectonemie coils, tids and site of chromosome 
attachment to the mitotic spindle is known as centromere. 
Most of. the chromosomes Possess 
usually two constrictions called primary = inl ES 
constriction and secondary constriction, 
The primary constriction is called Sister 
centromere, The microtubules of the cnet? ob cigs 
(Ls : : inner Chromomeral fibre 
mitotic spindle attach to the protein * 
disc, the kinetochore Which is bound to Fig, Sh Arrangement 2 
the centromeric heterochromatin. : 


Paranemic coils 


Chromonema] threads 
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he structure concerned with movement of 


hout it, à chromosome cannot orient on the 


d the chromatids cannot segregate from each other. 


elophase kinetochore made up 
n all the three 


The centromere ist 


the chromosome. Wit 


spindle an 


puring prometaphase and t 
Microtubules found embeded i 


ofthree zones. 
layers. 


P 

tai » 
Énromatids 
showing the folded fibres 


Above—A metaphase chromosome 
th implanted microtubules 


structure and. the centromere wii 

2 Below—Higher magnification. 
Centromeric chromomeres 5 In metaphase, chromosomes 
consist of two chromatids in which four granules can be seen 


within the centromere. These granules are called centromeric 


chromosomes and are about 0°5 micron in size. They are -arranged 
in square. During anaphase, when the two chromatids separate 


each chromatid (chromosome) shows two granules (Fig. 3:5). 


The chromosomes of most organism contain only one centromere, Th 
type is called mon Other chromosomes contain two! 


more centrosome, such chromosomes are called as dicentric and polycenti 
chromosomes respectively. Sometime a chromosome may undergo a bre: 
into two, 50 that only one part has the centromere while the other is witho 


eentromere. The part lacking the eentromere is ealled 


Fig. 3°0. 


centric chromosome. 


acentric chromosome. 


i 
| 
WI I 
MI 
Ii 
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Primary constriction: A lightly stained comparatively 
constricted region of the. chromosome having its centromere 
located at a particular position is known as primary’ cons- 


Two chromonemats 


A B 


Fig, 377, Diagram of metacentric chromosome : A—External structure, 
B—Internal Structure, 


triction. It divides the chromosomes into two arms (vide 
centromere), 


rounded 
lee of chromosome called satellite from the rest of the 
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5. Satellite: The round or elongated or knob like part 
present beyond the nuclear organiser of the chromosomes are 
known as satellite. 


The satellite remains — Telomere 

connected with the ) Chromone- 
rest of the chromo- | mata 
somes by a thin 4 

chromatin filament. à Genome 
Chromosomes bearing 2 

satellites are called $ Cnromatid 
SAT—Chromosomes. x 


a Centromeric 
~ Chromomere 


Telomere |. (Gr. e 


telos, end; meros— - 

part) : The tips of Fig. 3'8. Diagram of chromosome ; (A) showing 

the somonras all the parts although the pellicle and matrix of 
the chromosome has been rejected (B) Two chro- 

which contain the  matids containing chromosome during anaphase. 

ends of long DNA molecule that makes up each chromatid is 

known as telomere. 


Telomeres has an unique property in that it prevents the 
ends of the chromosmes from sticking together. Telomeres are 
specially modified regions of the chromosome for attachment to the 
nuclear envelope, The ends of the chromosome are associated 
with the nuclear envelope from telophase to prophase. 


3:9. Types of chromatin in different regions of the chromo- 
some : 


Chromatin is the nuclear material (DNA, RNA, histone, 
non-histone proteins) composing the chromosomes. Mainly it is 
of two types; Heterochromatin and  Euchromatin: (vide page 
no 111). i 


Heterochromatin : During interphase the regions of the chro- 
matin of the condensed chromosome, which remains tight 
folding and coiling and which stains deeply is known as hetero- 
chromatin. It is present in the (a) telomere (in plant), (b) centro- 
mere and its both sides, (c) satellite and (d) both sides ofthe 


secondary constriction. 
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Euchromatin : Similarly during interphase the portion of 
the chromatin which remains less tightly and which stains less 
. deeply is known as euchro- 
ee matin. The bulk of chromo- 
some is made up of euchro- 
matin i.e., the rest of the 
portions except the regions 
mentiond above .contains 
euchromatin. 
(Difference between hetro- 
chromatin and euchromatin 
vid page 111.) 


Kinetochore 


Two types of heterochro- 
matin are generally recognised 
(i) Constitutive  heterochro- 
matin which is permanently 
condensed in all types of 
cells, and (ii) facultative 


Secondary constriction ` heterochromatin which _ is. 
Fig. 39. Electron microscopie stru- condensed only in certain 
"eture of chromosome (diagrammatic), cell types or at a special . 


stage of development. 


Chromonema Nucleolus 
Chromatid din 


Nucleolar- 


Chromomere Organizer 


US 
. Heterochromatie 
n 
E Euchromatic region qu^ 
6 I 
x ————— —À— À—— —— — —— 
S R 3 
$ 
~/ 
Helerochromatic region. 


Fig. 310. A typical chromosome showing euchromat and heterochro- 
matic regions, 
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3:10... Chromosome models : 

It is well known that chromosome contains DNA, RNA 
and protein. The question however remains; how is the 
DNA arranged in the chromosome? Several models have 
been proposed to explain the association of DNA and protein 
in the chromosome. The various chromosome models can be 
grouped under two heads single strand model and multiple 
strand model. ; 

Single strand model : According to this model the chromo- 
somes are single stranded. Each chromosome is a long coiled or 
'folded DNA molecule. Some important models are as follows. 


1. Taylor's side chain model or centipede model—Taylor (1957) 
postulated that the chromosomes consist of a long protein 
‘backbone from which DNA coils branch off just like the legs of 


DNAstrandispent 
into acycloid 


SingiebNASlrand Cyclolamodel 
Vig. 3:11. Single stranded, cyċloid, and folded fibre model of DNA. 


centipede, In 1959 Taylor suggested that there are two protein 
spines instead of one. The DNA chain stretch between them like 
the steps of a ladder. 


2. Folded fibre model of Du Praw: Du Praw (1965, 1966) 
observed that sister chromatids consist of irregularly folded 


fibres 200 to 500A in diameter. Since no free fibre ends were 
found, thus it was concluded that each chromatid consists ofa 
single fibre folded both longitudinally and transversely. Lampert, 


Kihlman (1971) support this model and it was also accepted by 
many, 
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Proteincore 


Fig. 312, Du Praw’s folded fibre model of chromatin in interphase (1 & 2} 
and metaphase (3). 


Du Praw’s model of DNA-histone association is now considered 
unlikely by the discovery that DNA 
itself is looped around histone 
beads to form nucleosomes: Wood- 
-eock (1973) observed as a ‘string 
of beads’ structure which is made 
up of repeating units. These units 
(the beads) have been called nucleo- 
Fig. 313. Nucleosome, somes. 


Nucleosome 


3. Multiple strand models: In the multiple strand model the 
chromosome is supposed to consist of several DNA-protein strands. 


Each strand or fibril contains 20-40À DNA helix associated with 
protein. 


4. Ris? Multistrand molecule : In this model the DNA molecule 


ô 
(20A) combined with histone (protein) to form a 40A-DNA 
protein (nucleoprotein) fibril. Two nucleoprotein fibrils form 


elementary chromosome fibril (100A fibril) which wrap around 


each other to forma fibril (200A). Thus each fibril contains: 
four parallel DNA-histone double helics. The fibrils are associa-- 


ted to form chromatid of the chromosome, 


CHROMOSOME STRUCTURE 155 


Most of the evidences now indicates that the chromosomes are 
not multistranded, 


Darkband Inter band tights 
my pL 


Fig. 314, Model of Du Praw and Ris showing band and interband stru- 
cture a possible method of ‘puffing’ one the bands in giant 
chromosome, 


3°11. Chemical structure of chromosome $ 


Chromosomes or chromatin can be isolated readily from both 
prokaryotic and eukaryotic cells. The chromatin of prokaryotes 
is made up of only naked DNA. 


Q Giant chromosome : Some cells at certain particular 
stages contain large nuclei with giant or large sized chromosomes. 
They are generally of two types, polytene chromosomes (salivary 
gland chromosomes) and lamp brush chromosomes. 


l. Polytene chromosomes: This type of gland first observed 
by Balbiani (1881) in the salivary glands of midge chirnomous 
and are hence called salivary gland chromosome. As this chromo- 
Some contains many chromonema, so Koller Suggested the name 
as polytene chromosome (poly, many). 
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osomes of Drosophila do not coil and 
the four pairs of chromosomes have total length of about 20004m 
whereas the somatic chromosome is only 7:5y in length. These 
giant polytene chromosomes display particular banding patterns. 


The salivary gland chrom 


Darkband —Interband 
(Light band) 


Chromosome ara Chromonemata 
(Balbiani ring) 

Fig. 3:15, Polytene chromosom* of an insect. 
A series of dark bands alternate with clear zones called inter- 
bands. The dark bands represent regions where the DNA is 
more tightly coiled while in the interbands the DNA fibres are 
folded more loosely. There are 5000 bands in four Drosophila 
chromosomes. One of the most remarkable characteristics of 
polytene chromosome is that it is possible to visualize in them the 
genetic activity of specific chromosomal sites at local enlargements 
called puffs. The chromonema of the polytene chromosomes give 
out many series of the loops laterally. These ring are known as 

Bilbiani rings which are rich in DNA and m-RNA. 
2. Lampbrush chromosomes: These chromosomes with 
highly extended lateral loops of DNA; found in all animal 


7 


Chromomere 


RRR i Chromalids 


nN 


RNA-Próleth 


alis Loops 


B 


Fig. 3°16. A diagram of Jumpbrush chromosomes of Triturus oocytes. 
A—low magnification showing two chiasmata. p—higher 
magnifiention showing two lateral loops and folding of the 
chromatids in the chromomere. 


oocytes at the diplonema stage of meiosis. Lampbrush chromo- 
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somes are so named because of their many lateral loops of DNA 
which give them a characteristic appearance reminiscent of brushes. 
It is 3 times longer (59004m) than polytene chromosomes. 


The axis of lampbrush chromosome has a row of chromomeres. 
Each chromomere has two lateral loops which are rich in RNA. 
Each loop in turn has an axis formed by single DNA molecule. 
3:12. Gene: 

Definition : (1) -Genes are the functional biological units 
of any living cell. 

(2) The segments of molecule, responsible for the trans- 
mission of all hereditary characteristics from one generation 
ta another is called gene. 

(3) The hereditary unit consisting of a particular sequence 
of bases in DNA and specifying the production of a distinct 
protein (e.g., an enzyme) is known as gene. 

Location :. These, are present inside the chromosomes in 
linear arrangement. 

Locus è It means the exact position of particular gene or one 
of its alleles on the chromosome. 

Alele: One of two (or more) gene for a given trait that 
occurs in a specific position on each homologous chromosome 
is called allele. (More vide page no. 7.62) 

Number: Total number of genes loci in human gonadal cell 
having haploid (unpaired) set of chromosomes may be any number 
between 1,00,000 to 10,00,000. 

Chemical 'strueture : Chemically the genes are molecules of. 
deoxyribonucleic acid (DNA). 


3:13 DEOXYRIBONUCLEIC ACID (DNA) AND RIBONUCLEIC 
AC:D (RNA) 2 


Definition: (1) DNA: The double-siranded heiieal molceules 
in which genetic information is encoded as a sequence of purine 
and. pyrimidine bases, attached pairwise by hy drogen bords and 
longitudinally by sugar-phosphate backbones are known as de- 
oxyribonucleic acid. 

(2) RNA è: The single-stranded molecule having a nucleo- 
tide subunit structure similar to that of DNA, involved in the 
translation of DNA into protein. 
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Working in the laboratory of Felix Hoppe Seyler in Tubingen, . 


F. Miescher (1869) discovered DNA. He termed the material 
nuclein which he isolated from pus cells that he washed from 
bandages discarded by a nearby clinic. 


Occurrence: (i) DNA: It is mainly present in the nucleus of 
the prokaryotic, and eukaryotic cell, In eukaryotic cell it remains 
combined with protein to form nucleoprotein. DNA is generally 
present on the chromosome. It is also found in mitochondria 
and chloroplast. (ii) RNA: Itis present in cytoplasm, nucleus 
and chromosomes. 

Chemistry of DNA and RNA: All living organism contain 
nucleic acid in the form of deoxyribonucleic acid (DNA) and 
ribonucleic acid (RNA). Nucleic acids are large molecules called 
macromolecules or polymers. They consist of repeating 

structural subunits monomer or nucleotides. Bach nucleotide 
consists of the pentose sugar, a phosphoric acid and a nitrogen 
base. 

1. The pentose sugar: It is monosaccharide containing 
five carbons, Pentose sugars are of two types, ribose (in RNA) and 
deoxyribose (in DNA). The only difference between these two 

sugar is that there is 


eee N one less oxygen atom 

u^ e^ NL |PURNEBASE — 3 
| il CH (Adenine) in deoxyribose (less 

PN Sie O, at 2’ carbon). 
E H H H H 2. Phosphoric acid : 
d H-c- dmm ie he ENS It is joined to carbon 
2 | a on | eoxyribose) at 3’ of one pentose 
(0) [9] 


i and to carbon atom 
ae =O | PHOSPHATE 5' of another. 
OH 


3. Nitrogenous 
Fig. 317. Chemical structure of Nucleotide. bases? Two types; 
pyrimidine and Purine bases. 


(i) Pyrimidines : These are single ring compounds. The two 
most common pyrimidine bases in deoxyribonucleic acid (DNA) 
are cytosine (C) and thymine (T). In ribonucleic acid (RNA) 
the pyrimidine bases are cytosine and uracil (U) instead of 
thymine. 


—O-E 0M 


~L 
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Purines : The purine bases are double fused ring compound. 
“The two most common purine bases of DNA and RNA are 
adenine (4) and Gnanine (G). 

Nueleoside and nucleotides : Nucleoside is made up of 
3pentose sugar molecule and a N, base. Nucleotide is made up ofa 
ipentose sugar molecule, 


iN, base and phosphate 
group. Ex 3 Nucleoside 
—adenosine (adenine+ N; Babe 


*ribose), nucleotide— suger 
adenosine  monophos- (SM 


phate (AMP), adenosine ett ae Srt aeos 
diphosphate (ADP) & 
adenosine triphosphate Fig. 3:18. Nucleotide and nucleoside. 


(ATP). These are the corresponding nucleosides of adenosine 
containing one, two and three PO, group. Besides this other 
ribonucleotides also occur freely in nucleoplasm in the form 
of triphosphates cf ribonucleosides such as guanosine triphosphate 
(GTP), cytidine triphosphate (CTP) and uridine triphosphate 
(UTP). 


Strueture of DNA : In 1953, based on the X-ray diffraction 
data of Wilkin and Franklin, Watson and Crick proposed a model 


Fig, 3°19. J. D. watson F. H. C. Crick 
for the DNA structure. The structure of DNA is shown in 
Fig 3.20. It is composed of two antiparallel polynucleotide chains 
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(strands) that form a double helix around a central axis. The two 
strands are intertwined in a clockwise direction. 
The helix makes one complete turn every 34° 


and has a diameter of about 20A. ` The 
nitrogen bases are stacked inside the helix 
in a perpendicular to its axis. The two strands 
are held together by hydrogen bonds established 
between the pairs of bases. The only pairs 
that occur are adenine and thiamine held 
together by two hydrogen bonds (A=T), and: 
Guanine and cytosine held together by three hy- 
drogen bonds 

(GzC) Thus ®©- Sugar 
the latter pair 
is more stable. 


wi “Ave 
@- Phosphate\ yb 
dcr 
Fig.320, DNA The axial <B> mmne 
double helix. sequence of F- Adenine 
bases along one polynucleotide ^ ©)- cytosine 
chain may vary considerably, ®- ; 
but on the other chain the m 
sequence must be complemen- 


tary as in the following 
example. . 


First chain : 5T G C T G A € G TY 
n np upm up qm un n d 


Second chain 3A OG A € T GC AX ane A. A s 

Because of this. property, (S) b 2 (A) ©) 
given an order of bases on one Hydrogen bona F 
chain, the other chain is exactly p-Ig 


complementary. 
Nucleoside=Deoxyribose sugar + Niro- 


gen hase 
A ; 
Nueleotide= ” + 


* H,PO,. 


Structure of RNA: Ribon- 
ucleic acid molecule may be $ 
either single-stranded or double- Fig. 321, The chemical structure 


of DNA. 


the DNA bases that transmit data: red 
adenine; green, thymine; yellow cyto 


F he colour-coded models representing E) 


| sine and b lue guanine 


molecule:two bases from each rung 
moves apart Following the code only 

aroaming nucleotide identical tothe 
[ splitted off can attach itself: — 


Reproductin or r splitting of a DNA m) 


2 DNA from one | 
each base of the 2 split strands gets 
linked with an identical base uniteslike 
its former partner through a process 
of duplication. 


| 
l 


1. Itis present primarily in 
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stranded but not helical like DNA. Most cellular RNA is single . 

stranded which fold upon itself, forming structures called 

hairpin loop, either entirely or in certain regions. The 

double stranded but non-helical RNA occurs as the genetic 

materials in some plant virus, Each strand of RNA is 
Na-baseslinkedwith Hydrogenbonds 

e __— Secondary helix —_ 


Fig. 3:22. Chemical structure of RNA. 

made up of many ribonucleotides (Polynucleotid). Each ribonu- 
cleotide contains a pentose sugar (D—ribose), a moleule of phosp- 
hate group andanitrogen base. The nitrogen base of RNA are 
two purines, adenine and guanine and two pyrimidines, cytosine 
and uracil. In the polynucleotide strand of RNA, the ribose and 
phosphoric acids of nucleotides remain linked by phosphodiesterase 
bonds. 


Generally RNA is synthesised by DNA and stored in nucleolus 
as nucleolar RNA or migrates to the cytoplasm. There are three 
major classes of RNA: messenger RNA (m RNA ) which carry 
coded information from DNA to specific protein synthesis area of 
the cytoplasm, transfer RNA (t RNA) which identifies and trans- 
ports amino acid molecules to the ribosome and ribosomal RNA 
(r RNA) which represents 50 percent of mass of ribosomes. 


Table 3:2 
Differences between DNA and RNA 
DNA 


RNA 


1. It is presentin cytoplasm, 


nucleus, also in mi- nucleolus and chromo- 


tochondria and chloro- | somes. 
plast. | 

2. It is usually double | 2. Itis usually single stran- 
stranded. | ded. 


Bio-11 
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DNA and on » trans- 
cription forms RNA. 


Table 3:3. 
Differences between centrosome and centromere. 
Centrosome 


It is cytoplasmic organe- 
Iles. ` 

It is found only in animal 
cell. 


Table 3:2. (Contd.) 

Tie wi ek DURO UNE T7 NN 

3. Two polynucleotide 3. Single polynucleotide 
Strands are intertwined chain is folded upon 
in a clockwise direction. itself. 

4, The pentose sugar is de- 4. The pentose sugar is 
oxyribose. ribose. 

5. The purine bases are 5. The purine bases are 
adenine and guanine but adenine and  guanine- 
the pyrimidine bases are but the pyrimidine 
cytosine and thymine. bases are cytosine and 

uracil. 

6. It canbe stained with 6. It is stained with baso- 
Feulgen stain. philic dyes with ribo 

nuclease treatment. 

. 7. It is only one type. 7. It is of a 3 types i.e. 
messenger RNA (mRNA), 
transfer RNA (t RNA) 
and ribosomal RNA (r 
RNA). 

8. It bears genetic in- 8. Itis related to synthesis 

` formation. of protein. 

9. It on replication forms 9. It does not replicate or 


transcribe. 


Centromere 
It is a part of the 
chromosome. 
It is present in the 
chromosomes of both 


animal and plant cells. 
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Table No. 3:8 (Cont.) 


Centrosome Centromere 

3. The number of centro- 3. The number of centro- 
some is one in each cell. : mere may be more than 

one in the chromosomes. 

4. Ithastwo barrel shaped 4. It has four granules. 
structure. : 

5. During cell division it 5. During cell division the 
divides into two parts spindles are attached to it. 
and form spindle. 

6. It is.made up of lipo | 6. It is made up of nucleo- 
protein (Lipid and | protein (nucleic acid and 
protein) protein). 


SUMMARY 


Structure consisting of chromatin strands that become extremely compact 
during cell division is known as chromosome, They are classified into four 
types according to their shape, which is determined by the position of centro- 
mere, it may be telocentric, acrocentric, submetacentrie and metacentric. In 
a particular species all individual have same number of chromosomes. 
Functionally the eukaryotic chromosome are autosome and sex-chromosome, 
Autosome are responsible for determination of body structure and functions 
whereas sex-chromosome are responsible for determination of sex. Sex- 
chromosomes are X and Y type. 


Among the elements of chromosome that can be distinguished in con- 
densed preparation are the chromatids, the centromere, the telomeres and the 
nucleolar organizers (present in the secondary constrictions), Chromatin 
are of two types heterochromatin as those regions of the chromosome that 
remain condensed during interphase, Euchromatin remains in noncondensed 
state, 

All living organisms contain DNA and RNA, The genetic information 
vontained in DNA is transcribed into RNA which in turn is translated into 
protein, Nucleic acids (DNA & RNA) consists of nucleotides which is composed 
of pentose sugar, nitrogen base and phosphoric acid. Nitrogen bases are purine 
and pyrimidine. 
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THINGS TO REMEMBER 


Chromosome is extremely compact linear molecule consisting of 
chromatin strands made up of DNA, RNA and Protein. 


W. Waldeyer in 1888 first introduced the term chromosome. 


Gensme is a complete set of chromosomes or of chromosomal genes, 
inherited as a unit from one parent. 


Haploid is an individual or cell having a single complete set of 
chromosomes, 


Diploid is an individual cell having two complete sets of chromo- 
somes, 


Autosome is the chromosome not associated with the sex of individual 
and therefore possessed a maching pairs by diploid member of both 
sexes. : 

Sex-chromosome is the chromosome not occurring in individual paire 
in both sexes in deploid organism ; in man and fruit-fly these are 
designated as X and Y chromosomes. 

Chromatid in the metaphase chromosome, one of two symmetrical 
structures each containing a single DNA molecule. 

Chromonema (Pl; chromonemata) is the delicate, helically coiled, 
thread-like filaments composing a chromosome. 

Centromere is the primary constriction region of the chromosom^ 
where the spindle fibres attach to induce movement of chromosomes 
to the poles during anaphase. 

Kinetochore is the site of attachment of the spindle microtubules to 
the chromosomal centromere. 


Heterochromatin is highly condensed chromosome or chromosome 
regions found in the interphase nucleus. 


Euchromatin is the chromosome or chromosome regions that are not 
condensed and are considered active. 

Polytene chromosome is the giant chromosome generated during early 
larval development in cells of dipterans as a result of cessation of 
mitotic divisions without a halt in DNA replication, 

Lumpbrush chromosome—the very large bivalent. chromosomes in 
amphibian oocyte nuclei containing paired regions of looped-out 
chromatin fibers, 

Gene is à hereditary unit generally located in the chromosome. 

Allele : Are genes present in pairs called allae. 


DNA is the usually double-stranded, helically coiled nucleic acid 
molecule, 


RNA is the single-stranded nucleic acid molecule, 


Nucleic acid found in DNA and RNA are composed of deoxyribose 


(in DNA) or ribose (in RNA) pentose sugar, H,PO, and N,-base 
(Purines and pyrimidines). 
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Nucleoside is the portion of a DNA or RNA molecule composed of 
one deoxyribose molecule (in DNA) or ribose (in RNA) plus a purine 
or a pyrimidine. 
Nucleotide is the portion of a DNA or RNA molecule composed of 
one deoxyribose phosphate unit (in DNA) or one ribose (in RNA) plus 
a purine or a pyrimidine. 

- Nucleoid is a region in prokaryotic cells wherein the DNA is segre- 
gated (but not membrane bound). 
Pentose is the S-carbon monosaccharide (deoxyribose in DNA, ribose 
in RNA). 2 
Pyrimidine is a type of nitrogenous base found in nucleic acids consis- 
ting of a single heterocyclic ring—sytosine, thiamine or uracil, 
Purine is the type of nitrogenous base found in nucleic acids con- 
sisting two fused rings adenine or guanine. 3 


CELL DIVISION 


—— ——Ó—————————————Á——————————— 

Syllabus: Cell division ; examples—plant and animal cell (i) Amitosis 
(ii) Mitosis and its significance (iii) Meiosis (outline idea about stages and 
substages) and its significance. 

914, Introduction: “Omnis cellula e cellula" (Every cell is derived from a 
eell)—Virchow, 1855, Starting with a single fertilised egg cell, the first division 
produces two cells. When these daughter cells divide, they produce two celle, 
giving a total of four cells. when these four cells divide, they produce a total 
of eight cells and these eight produce sixteen cells and soon, Thus, starting 
from a single cell, four division cycles will produce 16 cells (24), 10 division 
cycles will produce 219, =1,924) cells, and 20 division cycles will produce 
2*9(21,043,576) cells, If the development of human body produced at a 
constant rate by the repeated cycle of cell division and growth, it would 
require only about 43 division cycles to produce the 5 trillion (2500,000,000 000) 
cells in the body, starting from a single cell. The ability of a cell to divide 
and thereby reproduce itself is a major characteristics of most (but not all) living 
cells, 
3°15. Definition of cell division: 


The active process by which a mature parent cell duplicate 
into two daughter cells is known as cell division. 


Significance of cell division 


1. To increase the surface area of the body. 
2. To replace the senile cells in the organism. 
3. Formation of new generation. 


3'16. Types of cell division : 


In animals and plants following three types of cell divisions 
have been distinguished, Amitosis (direct cell division), Mitosis 
(indirect cell division) and Meiosis (reduction division). 

Plant or animal body is mainly consists of (a) The somatic 
cell (Gr. Soma, body) or the body cell (the body of plant oranimal 
is made up of this type of cell) and (b) The germ cell or the repro- 
ductive cell i.e., the gamets (ovum and sperm) are made up of this 
type of cells. Mitosis or mitotic cell division takes place in the 
somatic cells whereas meiosis or meiotic cell division takes place 
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in the germ cells, The cell division is completed by karyokinesis 
and cytokinesis processes. 

Karyokinesis (karyon, nucleus ; kinesis, movement) : Division 
of nuclear material starts with doubling of chromosome in parent 
nucleus followed by distribution between two daughter nuceli in 
equal proportion. 

-Cytokinesis (Kytos, cell): Division of cytoplasm in which 
each of two daughter cells receives one of the daughter nuclei. 


3°17. AMITOSIS OR DIRECT CELL DIVISION : 


Amitosis (Gr., a, not , mitos, thread). 

Definition : 1. The process of cell division in which the nucleus 
first constricts in the middle to divide into two nuelei and 
then the cell body shows similar change and ultimately divides 
into two daughter cells is known as amitosis. 


—— 


Fig, 3:23. Amitosis, (A) cell division in bacteria, (B) Budding of yeast 
and (C) division of cell in amoeba, 
^9. The process of direct nuclear division, without the 
separation of daughter chromosome is called amitosis- 
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During the amitosis process (as shown in Fig. 3:23) the nucleus 
of the cell elongates into dumb-bell shaped structure. The 
depression near the middle portion increases in size and ulti- 
mately divides the nucleus into two nuclei. The division of 
nucleus is followed by the constriction of cytoplasm which divides 
the cell into two equal halves. During this type of division 
neither spindles are formed nor dissappearance of nuclear mem- 
brane takes place. 


Nucleus Daughter Cells 


A B 
Fig. 324. Amitosis 
This type of cell division is observed in lower plants (chara, 


yeast, bacteria, etc.) and animals (anoeba, W.B.C.). Itisalsoa 
method of multiplication of cell in foetal membranes. 


3°18. MITOSIS OR. INDIRECT CELL DIVISION : 
Mitosis (Gr., mitos, thread) : 


Definition: The process by which the genetic material 
is precisely duplicated and two new chromosome sets indentical 
to the original are generated is known as mitosis. 

In continuously dividing cells,. an individual cell passes 
through two main phases of 


cell or the mitotic cycle or 
the cell cycle. 


The Cell cycle or Mitotic 
cycle : A growing cell under- 
goes a cell cycle that consists 
essentially of two periods 

interphase and cell division. 

The interphase is considered 

Fig. 3.25, Diagrammatical structure of 48 “‘resting phase" of the 
plant containing two chromosomes. cell, whereas mitosis, the 


Cell wall 
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«division of cell is most important part of the cycle in which 
chromosomal changes take place. 


Interphase (L., inter, between; Gr., phasis, appearance) : 
3t is the interval between eukaryotic call divisions during which 
growth and synthetic activities take place. This phase is also 
\known as inter-mitotic 
hase. It is divided 
into following three 
stages (Fig. 3:26) such 
cas (a) Synthetic period 
S-phase), it is the 
specific part of inter- 
phase during which 
{DNA synthesis occurs. 
‘S-phase is replaced and 
followed by two gap 
rperiods of interphase G, 
and G,. (b) Gg-period 


= p Fig. 326. Cell cycle showing interphase and 
vis the interval between different phases of cell division. 


the end of S-phase and the start of mitosis. (c) G,-period is the 
dnterval between the end of mitosis and the start of S-phase. 
‘During interphase some characteristic features are observed ; 


(i) Growth of both nucleus and cytoplasm occur to maintain ` 
mormal size of cell. 


(i) The nucleomembrane remain intact. 
(iii) The chromosomes remain diffused in the nucleoplasm as 
Jong coiled thread like chromatin fibres. 


(iv) The amount of DNA becomes two times more than in the 
original deploid cell. 


(v) The nucleolus becomes distinct. 


(vi) In animal cell two centrioles and the centrosphere around 
the centriole become distinct. 

(vii) The most significant events are exact replication of the 
"DNA in the nucleus and related to this, the duplication of the 
«chromosomes from one chromatid to two identical chromatids. 
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Duration of cell cycle : The duration of cell cycle varies greatly: 
from one type of cell to another. For a mammalian cell growing; 


à aa 


DA 


ES RUN 
Fig. 227. The cell cycle, The dura- EU 
tion of each phase corresponds to 4 


mammalian ‘cell growing with a Fig. 328. Condensation and deeem 


generation time of 16 hours, densation cycle of the chromosomes 
in pear stages of cell eyele. 


in culture with a generation time of 16 hours. The length of^ 
different period would be G, =5 hours, $- 7 hours, G, —3 hours: 
and mitosis - ] hour, The mitotic periods are relatively constant: 
in the cells of same organism. The G, period is the most variable- 


in length. Depending on the physiological condition of. the: 
cells, it may last for days, months or years. 


919. General description of mitosis : 
The series of events that make up the cell cycle or mitotic 
| cycle begins at the end of the G 
terminates at the beginning of G 
The main phases of mitosis are mai 


2 Period of interphase amd 
Period of a new interphase- 
inly divided into kar yokinesis: 
and cytokinesis. Karyokinesis includes prophase, metaphase,. 
anaphase and telophase. The cytokinesis can take place- 
simultaneously, with anaphase and telophase, or it can occur a£: 
the later stage, 
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A. Karyokinesis 
à 1. Prophaso (Gr. Pro, first) s The firs: stage of mitosis during 
which the chromosomes condense and become visible within the 
SAES, 


IAN 


Prophase- Ist: stage ~ | Prophase-laststage 


Fig. 3:29. First stages of mitosis of the plant cell. 


| nucleus followed by the dissolution of the nuclear envelope is 


| known as prophase- 
In prophase, most dramatic changes take place both in the 


nucleus and cytoplasm. 
| Changes in the nucieus : 
]. The chromosomes condense, thicken and become stainable. 
Condensation is due to loss of water from chromatin fibre and 
spiralisation of threads take place. 
2. Each chromosome consists 
of two longitudinal subunits 
| called the chomatids. They are in 
very close association with each 
| other all along their length. This 
chromatids are coiled around each 
other. 


3. During early prophase, the 
chromosomes are evenly distri- 
buted in the nucleoplasm, but as 

: prophase progresses the chromo- 
| somes migrated towards the 
nuclear membrane. 


: Fig. 3°30. Condensation and 
4. The nucleoli gradually spiralisation of chromosomes. 
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diminish in size and eventually the nucleolar material becomes 
dispersed. 


Centriole Nucleu 
Cenfrosomes Orisplasm z 


Fig, 3:31. Process of division of centrosome in the animal cell. 
‘Changes in the cell cytoplasm : 


5. The centrioles (in animal cells), which had undergone 
«duplication during interphase now begin to move towards opposite 
poles of the cell. 


\ 


Paired 


chromatids \\\ J| / 


Centriole 


Asters 
Aster Microtubules 


Fig, 3°32. Growth of spindle micro and aster microtubules in mitotic 
apparatus, 


6. The movement of centrioles are due to their being pushed 
apart by growth of the 
spindle fibres between 


Fig, 333, The metaphase stage of plant cell, 


qom them. In animal cells 

res n 

Geniroméra orin the cells of lower 
Equatorialregion plants, fibrils appear 

LS like spokes of wheel 
ontinuous fibre ^ around each centriole to 


form asters. The asters 
are formed from cyto- 
plasm whereas spindle 
fibres are formed mainly 
from nuclear material. 
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The aster, the centrioles and the spindle together make up the: 
structure called mitotic apparatus or achromatic figure. 


II. Metaphase (Gr. meta, between): The stage of mitosis: 
during which the chromosom?s become attached to spindle fibres 
and arrayed in the equatorial plane ofthe cell is known as. 
metaphase- 

The metaphase can be divided into pronetaphase (early meta- 
phase) and late metaphase. 

(a) Prom»taphase (Gr. pro, before ; mete, between) : The transi- 
tion between prophase and Metaphase sometimes called prometa- 
phase. Thechanges that take place in the dividing cells are as. 
follows : 

1. -Itisthe short period in which the nuclear membrane: 
disintegrates. 


2. The chromosomes begin to proceed towards the equator. 


(b) Late metaphase: The changes are as follows :— 


1. The chromosomes have reached the central or equatorial, 


portion of the spindle. 
They are lined up in one 
place to from the equato- 
rial plate or metaphasic 
plate. 

2, ehe 
lies on the equator of 
the spindle. 

3. The centromeres 
lie in a plane equidistant 
from the spindle pole 
and the arms are direc- 
ted towards the poles. 


centrioles 


Poles 

Chromosomal Spindle s> 
N 

Chromosome 5 <7 


L 


# Spindlefibres ^N 
N (Continuous) 
Fig 3:34. Mitotic apparatus— Metaphaeic 
spindle: direct type, (left) and indirect 
type (right). 


4. Itis the stage at which chromosomes have reached the 
point of maximum contraction. 


HI. Anaphase (Gr. ana, back) : 
whieh the centromeres and daughter chromosomes separa 


The stage of mitosis during 


te and 
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begin to move toward opposite poles of the cell is known as 
anaphase. 


pae ema een rs sa N 


MÓN 
Anabhase - First Stage Anaphase-Secandstag| 


Fig. 3°35, The first and second anaphase stages of plant cell. 


Changes are as follows :— 


ub mhe centromeres of the chromosomes divide and the two 
chromatids of each pair separate. They are called daughter 
chromosomes. 


fibres 


Fig. 3:36. Process of. movement of chromosome by spindle fibres from 
equitoral region to the polar region during anaphase, 


2. The daughter chromosomes migrate toward the poles due 
to shortening of spindle fibres attached to the centromeres. 


3+ Pulling causes the chromosomes to assume their charac- 
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sfexistic V (metacentric, Fig 3°32) or L (Submctacentric) anaphase 
shape. i 


“Fig, 3:37. Diagram showing the functions of microtubules of mitotic 
-spindle in, poleward migration of chromosom:s during mitosis. 


Metaphase 
Microtubule 


ut Microtubule 
E Subunits 


Fig. 338. In metaphase the microtubules (spindle fibres) are formed by 
subunits, In anaphase spindle fibres are shorten by loss of subunits : 
at the poles, 


TV. Telophase (Gr. telo, end): The stage of mitosis - du: ing 
vwhich the chromosomes uncoil and become surrounded by new 
»mmelear envelopes is known as telophase. This stage begins at 
he end of the polar migration of the daughter chromosomes. 


‘he changes are.as follows :— 


1. The chromosomes uncoil ina process comparable! toa 
»seversal of prophase. and gather into masses of chromatin. 
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Nucleolus 
Nuclear membrane 
Phragmoplast 
Equatorial region 
Cell plate 


Telophase ^ | Telophase 
First stage | Test Stage 
Fig. 3:89. The first and last stages of telophase in plant cell. 


2. Anew nuclear membrane is formed around each mass of^ 
w—— chromatin from the endo- 
i plasmic reticulum. 


N . 
HPR 3. Nucleoli reappear at 
^ i sent 
Daughler Cells auclen les premier pre 
(Plant) in one pair of chromo- 
Nucleus somes. 
Centromere 


B. Cytokinesis : The- 

= process of elevage and 

Fig. 3.40. Formation of two complex Separation of the cytoplasne 

daughter plant cells after mitosis. and the final stage of mitosis 
is known as cytokinesis. : 

The separation of the daughter nuclei at anaphase and telophase: 


Cell wall 


Nucleus Constriction 


Cytoplasm 
Fig. 3.41. Cytokinesis in animal cell, 
usually (but not always) ends in cytokinesis or cell cleavage-. 


Diakinesis 


Diplotene 
^ 
i qu —— es! [HTA m. — 


NG 


Anaphasel Telophase1 Wer 


ESguervelu n ER Eu ; 
—el Irc M 
— 6 
“Metaphase IL AnephaselI 


ProphaseII 


EX 


Telophase II 
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(For example,the eggs of most insects undergo division and form a 
multinucleated plasmodium without separation of the cytoplasmic 
territories). 


In animalcell: A cleavage furrow appears at the outer edges 
ofthecelland midway between the poles at the beginning. This 
furrow of constriction becomes progressively deeper as the spindle 
breaks down. Finally the ingrowing constriction join and cleaves 


the cell in two. 


` Nucleus Initiation of cell plate Cell plate 


Cyloplasm 


Fig. 342. Oytokinesis in plant cell. 


In plant cell * Cytokinesis in plant cell involving the for- 
mation of a cell wall between the daughter nuclei. This 
begins as a cell plate or phragmoplast formed by aggregation 
of vesicles from the Golgi bodies. These vesicles fuse with 
each other to form cell membranes and cell walls (vide, 
page 63), thereby divides into two parts. The spindle, which 
is also involved in cell-plate formation, then disintegrates, 
and cell division is completed. Thus two cells, each with 
a nucleus containing a full complement of chromosome, have 
been formed from the original cell. ; E 
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Chromatin 
Reticulum 


Nucleolus: 


Nuclear 
membrane 


Spindle 
Fibre 


Chromatid 


Daughter 
I Nucler 


Fig. 3'43. Different stages of mitosis in plant cells, A—Interphase ; 
B, €, D—Prophase ; E—Metaphase, F—Anaphase ; G, H-Telo- 
phase and J—Cytokinesis. 
9:20. Significance of mitosis : 


The importance of the mitosis for the organism has been 
summerised as follows : 


1. The mitosis helps the growth and development of organs 
and the body of the organisms. 

2. The mitosis helps the cell in maintaining its proper size. 

3. The mitotic cell division replaced the old 
dead cells by the new cells, 

4. Unicellular organisms mainly reproduce and multiply by 
mitosis. 

5. The essential feature of mitosis is that chromosomes are 
distributed equally among the two daughter cells. 

6. For mitosis a mechanism for the duplication of chromo- 
somes and for linear arrangments of genes take place, 


decaying and 


7. 
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amount of DNA and RNA contents. 


tion. 


179 


Through the mitosis an equilibrium is maintained in the 


8. The mitosis helps the organisms in the asexual reproduc- 


Table No. 3:4 


Differences between mitosis of plant and animal cells 


E 


> 


Plant Cell 


Absence 
thus spindle is formed from 
nucleoplasm. 

Presence of anastral spindle 
which is without centrioles 
and astral rays. 

Absence of centrosome. 


Chromosomes are arranged 
around the 
plate. 


metaphasic 


Cytokinesis occurs, invo- 
ling the formation of cell 
plate or  phragmoplast 
between — the daughter 
nuclei. 


of centrosome, 


l. 


Animal Cell 


Presence of centrosome, 
which produce spindle in 
presence of nucleoplasm. 
Presence of astral spindle 
which contain  centrioles 
and astral rays. 

During division centrosomes 
move from one pole (north) 
to another pole (south). 
During metaphase large 
chromosomes are present 
towards the periphery and 
the chromosomes 
towards the centre. 


small 


Cytokinesis occur by the 
process of cleavage or 
furrowing. 


^ 


Sa ee Ie Pet Pee Pos Seen NS 
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b 


Twodeughtercals 
Fig, 344. General diagram of mitosis in animal cell showing different 
phases. 


Table No. 3:5 
Differences between amitosis and mitosis 


Amitosis Mitosis 
1. This type of cell division is | 1. This type of cell division: is 
observed generally in uni- observed in multicellular 
cellular organism like organisms. 
bacteria, yeast, protozoa, 
etc. 
2. Itisa simple process. 2. It is a complex process. 
3. Itisa direct cell division 3. Itis indirect cell division 
(without undergoing different ( undergoing different 
stages). stages). 


MEM. eee 
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Cont, Table No. 3'5 ? 


Amitosis Mitosis 


l5 12 Dict c n E REM 
4. By amitosis the cell divides | 4. By mitosis the cell always 


into two equal or unequal divides into two equal 
halves. halves. 

5. The nuclear and cytoplas- | 5. The cytoplasmic division 
mic division take place takes place after nuclear 
simultaneously. division. 


Table No. 3°6 
Differences between Karyokinesis and eytokinesis 


Karyokinesis Cytokinesis 
1. Karyokinesis is the 1. Cytokinesis is the process 
process of division of of division of cytoplasm. 
nucleus. 
2. Usually this process is 2. Sometimes cytokinesis 
followed by cytokinesis. do not follow karyo- 
kinesis. 
3.. It does not increase the | 3. It increases the cell 
cell number. number. 
4. Two daughter nuclei are 4. Cytoplasm is divided into 
formed by this complex two parts by this simple 


process. process. 


3°21. MEIOSIS OR REDUCTION DIVISION : 

Meiosis (Gr. meioum, to diminish). 

Definition : The process occurring during gamete formation 
and involving a reduction division, whereby each daughter cell 
receives one of each pair of homologous chromosomes, thus 
reducing the number of chromosomes in each cell to one half is 
known as meiosis. 

In 1905 J. B. Farmer first named the term meiosis. 

The cells of a particular species have a constant number of 
chromosomes (in human, 44--XY in male and 444 XX in female 
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i.e., 46 or 23 pairs). In sexually reproducing organisms male and 
female gametes fuse together to form the zygote. Ifthe gametes 
had the same number (46) of chromosomes as the somatic cells, 
then the zygote would have twice (92) the diploid number of 
chromosomes. This number would go on doubling with each: 
generation. However, the chromosome number always remains ` 
constant from generation to generation i.e., 46. This is because 
of meiotic division which reduces the chromosome number to. 
half and counteracts the effect of fertilisation. 


DivisionT.. : Division. 
(Heterotype division) (Homotype division) 


2-Chromosomes(n) 


4- Daughter Cells 


I 
I 
| 
t 
i 
Germ Cell (2n) 
Chromosomes 


| 
| 
ea is tis | 
f p 
laced £0 romosomes Z-Chromosomes (n) 


Fig, 345, Diagram showing the number of chromosomes and formation 
of daughter cells in meiosis. 


In the process of meiosis the chromosomes divide once and the 
nucleus and cytoplasm divide twice. Due to the meiosis four 
haploid cells are formed from the single diploid cell (Fig. 3.45)- 
Cell undergoing meiosis are sometimes called meiocytes. 


3:22. Types of Meiosis : 
There are three types of meiosis : 


l. Terminal or gametic meiosis ( diplotonic pattern ) * 
This type is found in animals and in a few lower plants. It 
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occurs just before the formation of the gametes. The gametes are 
produced in gonads like testis and ovaries by the processes 
called Spermatogenesis and Oogenesis respectively. 


2. Intermediary Or Sporie meiosis (deplohaplotonic pattern) : 
It is the characteristic of higher plants and some thallophytes but 
is not found in animals. It takes place sometime between 
fertilization and the formation of gametes. In such cases meiosis 
is followed by mitosis, producing large number of gametes. 
It also produces microspores and megaspores. 


3. Initial or zygotic meiosis (haplotonic pattern): It is 
found in some algae, fungi and diatoms. Fertilisation is imme- 
diately followed by meiosis, giving rise to cells with the haploid 
chromosome number. The zygote is the only diploid stage in the 
life cycle. 


3'23. Stages of meiosis : 
The successive meiotic substages can be represented as follows : 


— —Preleptonema 

—Leptonema 

M -)}—Prophase I——-———|—Zygonema 
—Pachynema 

E —Diplonema 
—Diakinesis 

I —Prometaphase I : 

i—Division I—|—Metaphase I 


O—-—| (Heterotype |—Anaphase I 
division) —Telophase I 

í Interphase 

= —Division II |—Prophase II 

S (Homotype |—Metaphase II 
division) —Anaphase II 


— —'elophase II 


A. The first meiotic division or Heterotype division : 


Meiosis starts after an interphase. In this division the diploid 
(2n) number of chromosomes reduce to haploid (n) number of 
chromosomes. 
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Nuclear 
envelope (S)DIAKINESIS 


Cres TE: 


== Homologous 
chromosomes 


Chiasma 


Daughter 


H diri risus cenirioles 
i (B) pega boi aa 
y a ey}; a 
A Chromatids Ef} a 
Centriole (METAPHASE | 


Chiasma 


(D)DIPLOTENE 


Fig. 3.46, Diagram showing different stages of first meiotic division. 
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Interphase : Interval between eukaryotic cell division, during 
which growth and synthetic activities take place. The interphase 
preceding meiosis is important because replication of DNA takes 


place during this stage. 


(a) Prophase I 4 

It is the most important and longest stage closely resembling 
the early mitotic prophase. It is divided into the following 
substages, preleptotene, leptotene, zygotene, pachytene, diplotene 
and diakinesis. 

1. Proleptotene Or Proleptonema : In this stage the chromo- 
somes are double stranded and extremely thin,long uncoiled longi- 
tudinally single slender thread like structures. Thus the chromo- 
somes cannot be seen, easily except sometimes for the sexchromo- 
somes, Nuclear volume increases due to entry of water. 


Leptotene 


4 B 
Diplotene Diakinesis 
Fig. 3.47, Different substages of first meiotic division (prophase-I). 

2. Leptotene or Leptonema (Gr. leptos, thin; thread)s The 
stage of meiosis during which the chromosomes condense and 
become visible is known as leptotene or leptonema. The chromo- 
somes become more visible. . Hence it is the first visible step of 
meiosis (Fig. 3:42A). 

Following characteristic events take place $ 

(i) The cells and their nuclei are generally larger than those 


of the surrounding tissues. 
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(ii) The chromosomes are duplicated and with two chroma-- 
tids the chromosomes look single. 


(iii) Under light microscope chromosomes show bead like 
thickening called chromomeres, occurring at irregular intervals. 
along their length. 


(iv) Leptonemic chromosomes may show a definite polari- — 
sation forming loops in 
which the telomeres are 
attached to the nuclear 
envelope at a region poin- 
ting towards the centrioles. 
This arrangement is often 
called a bouquet. 


(v) In plant cells the 
chromosomes may some- 
times form a tangle of 


Fig. 3.48. Leptotene chromosomes 
threads, called the synaptic arranged in ‘houquet’. 


knot, on one side of the nucleus. 


(vi) In animal cell the centrosome divides and goes to opposite: 
poles. 


3. Zygotene or Zygonema (Gr., Zygon, adjoining): The 
stage of meiosis during which thehomologous ehromosomes align 
and pair with each other is known as Zygotene or zygonema- 
The essential features of zygotene are :— 


(i) Movement of chromosomes initiates the zygotene stage, 
and this movement results from an attracting force that bring 
homologus chromosomes together. 


(i) The chromosomes become shorter and thicker. 

(iii) Lengthwise pairing of homologous chromosomes begins. 

One of the two homologous chromosomes originates from the 
male parent (parental chromosome) and the other from the female 
parent (maternal chromosome). Pairing is exact and takes place 
chromomere for chromomere, This is known as synapsis (Gr., 


syn, together ; apsis, loop) or syndesis or synizesis. This pairing 
takes place throughout their length. 
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Homologous Chromosomes 
Leptotene 
Fachytene 
Ss 
sf N 
Diplotene Chtesmoks 
Diakinesis and 
Metaphase-1 
aee Anaphase 
Anaphase-I Ñ 


Fig. 3°49. Diagram of chromosomal exchange in the four-strand stage 
and of terminalization during first meiotic division. 


interphase 


4 Synaptonemal 
Complex (Sc) 


Fig. 29:50. Diagram of. synaptonemal 
complex (SC) at different stages of 
meiosis. Note in pachytene the 
homologous paired chromosomes are 
joined by the SC. 


(iv) Pairing takes place 
not only between homologous 
chromosomes but also 
between homologous regions 
of the chromosomes. 


(v) During synapsis a 
special proteinaceous stru- 
cture called the synaptonemal 
complex is formed. It is 
present in the space formed 
between two homologous 


chromosomes. 
(vi) The nucleolus is 


visible. 
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4. Pachytene or Pachynema (Gr. Pachus, thick) The stage 


of meiosis during which two chromatids belonging to different 


homologues exchange segments of genetic material between 
them. 


The essential events of this stage are as follows $— 


(i) The chromosomes are still going shorter and thicker by 
coiling. 


Centromeres > 4'Chromatids :- Sister chromatids 
; (e 

& a AtA a 8A444--^ à a 
g 

8 

Es] 

B b B Bb "E388 PORE P7 

g “© cHe HEC cie cHe 

Chromosomes Bivalent (Tetrad) Nonsister 
Chromatids 


= Fig. 3°51, Chiasma formation during meiosis. 
(ii) Each chromosome is now a bivalent or tetrad. 
(The bivalent or tetrad is a pair of homologues consisting of 


Non-sister 
Chromatids(2) 
| 
4 
Sister La 
Chromótids(2) ^ = J : 


Fig.9:52, Diagrams showing 1-Chromatids, 2-Crossing over, 3-Formation of 


chiasma, 4-Terminalization and 5-Rotation of the chromatids of 
one bivalent, 
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four chromatids. The two chromatids of each homologue are called 


OEE 
Fig. 3:53. Diagram of 
asingle bivalent at 
diplonema showing 
the four chromatids, 
two chiasmata and 
the position of the 
centromeres. Note 
two centromeres ~ 
remain side by side. 


sister chromatids united by centromere. 


(iii) The characteristic phenomenon is 
the exchange of segments ; that is the re- 
combination of chromosomal segments 
between two chromatids belonging to 


different homologues. 


(iv) Two chromatids belonging to 
different homologues undergo one or more 
transverse breaks at the same level. The 
break is followed by interchange and 
fusion of broken ends between two homo- 
logous chromosomes. This is called crossing 


over. 


Crossing over? /t is the process which 
involves reshufling, redistribution and mutual 
exchange of hereditary material of two 


parents between two homologous chromosomes. 


Gu ua 


"A. Chiasma "m A 
A Changed 


Fig 3:54. Crossing over at one place AL ded formation of less 
modified chromosomes, 


(v) The nucleolus remains prominent and is found to be 
associated with the nucleolar organiser region of the chromo? 


some. 
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5. Diplotene or Diplonema 2? The stage of meiosis during 


Unchanged 
&)\ — Soren a 
Chiasm 
b b B "i 
LY A 4 
NA 1 2 Changed 
Chromatids ^ Chiasma 


Fig, 3°55. Crossing over at two places and thereby formation of more 
modified chromosomes, 


whieh paired homologues begin to Separate is known as 
deplotene. 


The characteristic events are as foilows :— 


(i) The homologous chromosomes repel each other due to 
decrease of force of attraction between 
them. 


(ii The Separating chromosomes 
are held together at one or more points 
where breaks and fusion had occurred, 
These points are called chiasmata. 


Chiasmata (Singular Chiasma ; Gr. 
Chiasma, Crosspiece): The point of 
chromosomal interchange that becomes 
visible when the homologues begin to 
Separate at diplotene are known as 
chiasmata. The number of chiasma 
may be one, two or veral depen- 
ding on the length of chr mosomes, 


Fig. 356, Molecular model 
rey Showing the formation of 
'6- Diakinesis (Gr., dia, across): new chromosome by cro 


sing Over and segmen- 
The stage of meiosis during which tation of chromosomes. Ex- 


$ change of (1)-single segments 
chromosome contraction increases, pat eingle seg 


(2}-double segments. 
at the end of this stage the homologues are attached only at the 
chiasmata. à 


The characteristic events are as follows ; = 


(i) The chromosomes have become shorter and thicker as the 


CELL DIVISION 191 


two bivalents move further away from each other. The homolo- 


! Centromere 


Chiasmata Q 


hw pis ss Metaphase 
Diplotene 
Fig. 3°57. Diagram showing process of terminalisation. 
gues remain in contact with each other by their terminal chias- 
mata. This process is called terminalization (Fig. 3.57). 
(ii The nucleolus is detached from the chromosome or 
disappears. 


Chiasma 


(b) Prometaphase I : 

The characteristics events are as follows :— 

(i) The nuclear envelope disappears. 

(ii) The microtubules get arranged in the form of spindle in 


between the two centrioles which occupy the position of two 
opposite poles of the cell. 


IA A 
wv 


Metaphase-I Anaphase-I ` Telophase-I 


Interphase x 
Fig, 358. Diagram showing the nature of chromosome in first mieosis 
cell division and interphase. 


(iii) The chromosome becomes greatly coiled in spiral manners 
‘and get arranged on equator of the spindle. 
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(c) Metaphase I : 
The following events are notable :— 


(i) The microtubules of the spindle are ned M the 
centromeres of the homologous chromosomes of each tetrad. 


(ii) The centromere of each chromosome is directed towards 


the opposite poles. 

(iii) The repulsive forces between 
homologous chromosomes increase 
greatly and the chromosomes become 
ready to separate. 


(d) Anaphase I : 


The characteristic events are as 
follows : 

(i) The homologous chromosomes, 
each consisting of two chromatids 
united by a centromere, move towards 
the opposite poles of the cell, 

(ij The chromosomes do not 
separate simultaneously. The short 
chromosomes separate quickly, while 
the separation of long chromosmes is 
delayed. 

(iii) Unlike mitosis anaphase, in 
which the chromosomes appear longitu- 
dinally single, each chromosome now 
consists of two distinctly separated chro- 
matid united only at their centromeres. 

(iv) The actual reduction occurs 
atthis stage. The homologous chromo- 
somes which move towards the opposite 
poles are the chromosomes of either 
paternal or maternal origin, 


(e) Telophase I 
The characteristic events are :— 
(i) The endoplasmic reticulum forms 


the nuclear envelop around the chromo- 
somes. 


Metaphasell 


Kk > 


Anaphasell 


& 2 


Fig. 9:50. Diagram re 
presenting different stages 
of the second meiotic 
division, 
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(ii) The chromosomes undergo despiralization and become 
elongated. 


(iii) Nucleoli do not reappear and spindle fibres do not 
disappear. 


Cytokinesis : In most plant cells there is a formation ofa 
cell plate between the two groups of chromosomes and thus two 
daughter cells are formed. In animal cell the cell membrane 
constricts and two daughter cells are formed. The daughter cells 
thus produced contain haploid number of chromosomes i.e. tn’ 
number of chromosomes. 


B. The second meiotic division or Homotype division : 


It is essentially similar to mitotic division which divides each 
haploid meiotic cell into two haploid cells i.e. number of chromo- 
somes (n) remain the same. This includes four stages : 


(a) Prophase II 


(i) Each centriole divides into two and form two centrioles. 

(ii) Spindle formation takes place. 

(iii) Nuclear membrane begins to disappear. 

(iv) Each chromosome is made up oftwo chromatids. . The 
chromatids have widely separated arms. 


(b) Metaphase II 


(i) The chromosomes get arranged on the equator of the 
spindle. 


(ii) The spindle fibres are attached with the centromere of the 
ehromosomes. 


(c) Anaphase II 


(1) The centromere divides into two and thus each chromosome 
produces two daughter chromosomes called monads. 


(ii). The daughter chromosomes (chromatids) separate out and 
move towards the opposite poles. 


(d) Telophase II 


(i) The chromatids migrate to the opposite poles are no 
known as chromosomes. ES T 


Bio-13 
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í (ii) Reappearance of nuclear membrane and nucleolus take 
place. 5 


, Sentromere — Chromatids 


mu 


Fis. 355. Diagram showing different stages of second meiotic division. 
(iii) Chromosome disappear due to hydration of nucleus. 


After the karyokinesis in each haploi ioti - 
MK ploid meiotic cell, the cyto 
kinesis occurs and thus, four haploid cells are produced. These 
cells may have chromosomes with different genetic combination 
due to „the crossing over in the prophase I. 
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3.24 Significance of meiosis : 
1. The meiosis maintains a definite and constant number of 
chromosome in the cell ofa particular species. 
2. In the animal kingdom, meiosis leads-to the formation of 
sexual gamets, the egg (ovum) and the sperm. 
3. In the plant kingdom, meiosis occur at various times during 


the life cycle (the haploid products may be sexual gamets or 
asexual.spores) 


Metaphase of first 
meiotic division 


Metaphase of 
second f 
meiotic 
division 


MATURE (n) GAMETES 


Tig. 3°56. Diagrammatic illustration of comparison between mitosis ' 
and meiosis, 


4. Through crossing over, meiosis provides an opportunity 
for the exchange of the.genes and thus causes the genetical varia- 
~tions among the species. ^ . a 
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5. Meiosis is regarded as a compensatory mechanism opposite 
to syngamy or fertilization, | 


Table No. $6 ' 
—— of mitosis and meiosis 


a „Mitosis Meiosis 


|. Mitosis occurs. in all 


S ANOVA MOM oth) rs 
1. Meiosis occur in germinal 
somatic cells. 


cells. 
2. Cell divides only once at 2. Cell divides twice at a 
a time. time. 
3. Chromosome number 3. Chromosome number 
remains unchanged after reduced to half after 
division. division. 


4. Two diploid cells, are 
formed from a single 
diploid cell, 


4. Four ‘haploid cells are 
formed from a_ single 


diploid cell. 
5. Interphase following mito- 5. Interphase following 
sis is of longer duration. meiosis is comparatively 
shorter. 
Divided 
Gentromere Undivided: 
SS Gntromere 


fg 


Z 3.57. 1-During mitosis centromere is divided, 2-During meiosis 
centromere is not divided. 


6. DNA synthesis takes place 
in interphase. 

Prophase 

7..The duration of prophase 
is short. 


6. DNA synthesis extends 
upto prophase I. 


7. The duration of prophase 
is longer. 
8. Prophase is compenatively 


8. Prophase is complicated 
simple. 


.and is divided into lepto- 
tene, zygotene, pachytene 
diplotene and diakinesis: 
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(Cont.) Table 3.6 


Mitosis 


9. No pairing or synapsis 


takes place between homo- 
logous chromosomes. 
Chromosomes are dupli- 
cated at the begining of 
prophase. 

. No crossing over (chiasma 
formation) takes place. 


Meiosis 


9. Pairing or synapsis occurs 


between the homologous 
chromosomes, 


10. Chromosomes are dupli- 


cated in the late prophase 
(pachytene stage). 


11. Crossing over takes place. | 


crete Vi kJ 
Chromosomes 
C7 Exchange of 


i 


2 Chromosomes 


Fig, 3,58. Exchange of segments of chromosome in mitosis 
2-Exchange of segments of chromosome in meiosis. 


The chromatids occur in 
the from of dyads. 


The centromeres of the 
chromosomes remain dire- 
:cted towards the equator 
and arms of the chromo- 
Somes remain directed to- 
wards the poles. 


Anaphase 


14. Division of centromeres 


takes place during ana- 
phase. 


12! The chromatids of two 


homologous chromo- 
somes occur as the 
tetrads. 


13. The centromeres of the 


chromosomes remain 
directed towardsthe poles 
and the chromosomal 
arms remain directed to- 
wards the equator. 


14. There is no centromeric 


division during anaphase 
I, but. take place during 
anaphase II. 
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(Cont.) Table 3:6 


Mitosis 


15. The chromosomes separate 
simultaneously during an 
anaphase. 

Telophase 


16) Spindle fibres disappear 
completely in telophase. 


17. Nucleoli reappears. 


Significance 

18. The chromosome. number 
in each daughter cell rem- 
ains the same like the 
parent cell. 


19. The genetic constitution of 
the daughter cell identical 
to that of perent cells. 


Meiosis 


MECUMNENME 
15. Short chromosomes sepa- 


rate early ; separation of 
long chromosomes delayed. 


16. Simple fibres disappear 
completely during telo- 
phase I. 


17. Nucleoli do not reappear 
in telophase I. 


18.(In meiotic division the 
chromosome. number is 
reduced to half in the 
daughter cells. 


19.[ The-gehetic constitution 
of the daughter cells 
differ from that of the 
parent cell. The chromo- 
some of thedaughter cells 
usually contain a mixture 
of: maternal and paternal 

genes. 


SUMMARY 


‘The very biological process by which a cell divides to form daughter 
cells is known as cell division, Three types of cell division. are observed such 
as-(a) Amitosis or direct cell division is the means of asexual reproduction in 
unicellular organisms like bacteria and protozoa, (b) Mitosis is similarin all 
eukaryotie cells, although it is usually anastral in plant cells and astral in 

animal cells. During prophase the chromosomes condense and dissolution of 
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nuclear envelop. Spindle are beginning to form, During metaphase chromosome 
attached to spindle which form the equatorial plate. During anaphase the 
centromeres and sister chromatids separate and begin to migrate towards the 
poles, At the begining of the telophase chromosomes uncoil and become 
surrounded by new nuclear envelop and cytokinesis take place, (c) Meiosis 
occurs in the cell that produce gametes in seXually reproducing organism. It is 
the mechanism that has evolved to ensure that the diploid number of chromo- 
somes is recovered upon fertilization in organism that have biparental inheri- 
tance’ Meiosis divides and subdivides into many stages. During preleptonema 
the chromosomes are very thin, during leptonema they become visible. During 
zygonema, ihe homologous chromosomes align and pain in a process called 
&ynapsie« During pachynema pairing has been completed. Each chromosome is 
now a bivalent or tetrad composed of two homologues (four chromatids)» At 
deplotene paired homologues begins to separate but remain attached at the chias- 
mata. This phase last for a long time before diakinesis when further contraction 
of chromosome take place. The phases of division I that take place after 
diakinesis are similar to those of mitosis, It causes separation of homologous 
chromosomes. By the end of telophase I the number of chromosomes is haploid 
but each chromosome still has two sister chromatids which are separated in the 
second mitotic division. 


THINGS TO REMEMBER 


Cell division 


1. Amitosis : Direct nuclear division, without the separation of daughter 
chromosome and without formation of spindle. 

2, Mitosis: Process by which the genetic material is duplicated and 
formation of two identical new chromosome sets. 

3. Meiosis: Nuclear division in which the diploid chromosome number 
is reduced by half. 


4. Karyokinesis : The division of nucleus during cell division. 

5. Cytokinesis : The division of cytoplasm during cell division. 

6. Prophase: Stage of mitosis during which the chromosomes condense 
and became visible within the nucleus, followed by the dissolution of 
nuclear membrane. ; 

7. Metaphase: Stage of mitosis during which the chromosomes become 


attached to spindle fibre and arranged in the equitoria] plane of the 
cell. 


8. Anaphase: Stage of mitosis during which the centromeres and 


daughter chromosomes separate and moved towards opposite pole 
of tha cell, 


9. Telophase: Stage of mitosis during which the chromosomes uncoil 
and become surrounded by two nuclear membrane. 
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Centromere : Point of attachment of sister chromatids and site of 
chromosome attachment to the mitotic spindle. 


Leptotene : The first stage in prophsse I of meiosis during which the 
chromosomes condensed and visible. 


Zygotene : Stage of prophase-I of meiosis during which the pairing 
of homologous chromosomes take place. 


Pachytene: Stage of meiosis during which the pair of chromosomes 
become twisted spirally around each other. 
Diplotene : Stage of meiosis during which paired homologues begin to 


~ separate. 


Diakinesis : Stage of meiosis during which the bivalent chromosomes 


become more condensed and evenly distributed in the nucleus. 
Homologous chromosomes : Chromosomes occuring in pairs, one 


derived from each of the two parents, normally morphologically alike 
and bearing the same gene loci, 


Synapsis : Pairing of homologouschr omosomes during zygonema. 
Chiasma: The point of contact and interchange between the chroma- 
tids of two homologous chromosomes during prophase-I of meiosis. 
Crossing over: A process in which genes are exchanged between the 
Sister chromatids of homologous chromosomes, 


Synaptonemal complex (SQ): Proteinaceous structure, composed of 


two lateral arms and medial element, that form between pairing 
homologues during zygonema, 


@ Graded Exercise o 
Long answer type: 


Describe the morphology of chromosome with proper diagram. 


Who first used the term chromosome ? What do you understand by 


What do you mean by haploid and deploid chromosome number ? 


According to shape how many types of chromosomes are there ? Give 
a brief account of each of them, 


Discuss the chemical structure 
What is DNA ? Describe th 
What is RNA? Write in 


What is polytene chromosomes ? Write notes on salivary gland 
chromosome and lamp brush chromosome; 

What is cell division ? Mention the 
worked on this aspect, 


of a chromosome, 


e chemical structure of a DNA molecule, 
short about chemistry of it, 


contribution of persons who 


Describe the details of mitosis in plant cell with labelled sketches. 


94. 
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With a neat labelled diagram describe the mitotie cell division in an 
animal cell. 

What is meiosis ? Where does meiosis take place ? Describe briefly 
the meiotie cell division. 

Give an account of meiosis with particular emphasis on prophase I, 


Short answer type : 


Mention the chromosome number of certain. species (at least three 
from both plants and animals). 

Describe the different shapes of chromosomes according to the 
position of centromere, 

Give a brief account of the history of chromosome. 

What you know about polytene chromosome ? Give a short descrip- 
tion of one such chromosome, 

What is chromatid? Describe the structure of chromatids. 

Discuss what you know about Lamp brush chromosome, 

What do you mean by chromonema ? 

What is chromomere ? 

What is inter chromomere fibre ? 

What do you mean by nucleosome ? 

What is chromosome puff ? 

Describe nuclear chromosome. 

What do you mean by polycentric chromosome? 

What do you mean by homologous chromosome ? 

What is centromere ? 

Discuss what you know about Arena ? 

What is centromeric chromomere ? 

What are the chemical composition of a DNA ? 

What do you mean by amitosis ? 

What do you mean by karyokinesis and cytokinesis, 

Name the type of cell division and discuss the stage in which the 
chromosome number is reduced to half. 

In which stages of the mitosis the nuclear membrane disappear and 
reappear. 

Mention your idea about the duration of mitosis. 

Mention the position and structure of chromosome during metaphase 
of the cell division. 

What do you mean by zygotie meiosis ? 

What do you mean by chromatid tetrad. 

Write what you know about chiasma and crossing over ? 

What do you mean by terminalization ? 

Discuss about synaptinemal complex (Se). 
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Distinguish between : 


Mitosis and Amitosis, 
Bat-chromosome and residual chromosome. 

Haploid and diploid chromosomes, 

(a) Mitosis and Meiosis. (b) Chromosome and chromatid. 
Ohromatid and Chromonema, 
Autogamy and Isogamy. 


. Chromosomal fibre and continuous fibre. 


Dyad and Monad. 
Chiasma and Crossing over- 


Multiple choice type : 


+ The word chromosomes was first used by—Flemmin;g/Boveri / Wal-- 


deyer/Kaufmann, 

The diploid chromosome number in man is—64 [46/18/84 ]00]44- 

The diploid chromosome number in potato is—44 )16/18/38/28/18. 

The number of chromosome in genome is—diploid/haploid/triploid. 
The size of the chromosome in different species—remains constant/ 
varies. 

During cell growth and cell division the shape of chromosome is— 
changeable/unchangeable. 

Tne constriction region where centromere is present is called—- 
primary constriction [secondary constriction. . 


Centromere is called as—kinetochorc /;elomerc/ 


xhromomere/shromo- 
centre, 


. When the centromere is situated at the centre of the chromosome, it 


is called—telocentric /acrocentric/submetacentrie/metacentric chromo- 
some, 

Oytosin is the nitrogen base of—purine base/pyrimidines base, 
Division of cytoplasm is called as—cytokinesis/karyokinesis, 
A stage during two mitotic c 
phase/prophase/ interphase, 


Spindle is formed durin s—anaphase/prophase/metaphase. 


i is called—mitosis/meiosis. 
Crossing Over takes place during—mitosis/.liplotene stage of meiosis/ 
cytokinesis, 


ycle is called —anaphase /ielophase/meta-- 


he two pairs of chromatids on one 


side of the chiasma at the expense of that on the other side is called— 


tetrad/ierminalisation, 
When the homologous chrom, 


osomes unite the process is called— 
bivalent/tetrad stage/synapsis, 
Write short notes : 


Karyotype, 69. Idiogram, 70, Telocentric, 71. Chromatids-- 


F. 
101, 


102. 


103. 


104. 
105. 


^ 106, 


107. 
108. 
109, 


110, 


1H. 


112, 


118. 


114, 


115, 
116. 
117. 
118, 
119. 
120. 
121, 
122, 
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72, Kinetochore, 73. Chromonema, 74. Paranemic coils, 75, Chromo- 
meres, 76. Centromere and Chromosome model, 77. Polytene chromo- 
some, 78. Lampbrush chromosome, 79. DuPraw’s chromosomal 
model, 80. Heterochromatins, 81: Sat-chromosomes, 82. Nucleohis- 
tone, 83. Syngamy, 84. Anogamy, 85. Exogamy, 86, Karyokinesis, 
87. Oytokinesis, 88 Synthetic phase, 89. Gap period, 90. Mitotic 
cycle, 91. Meiocyte. 92. Leptotene, 93. Synapsis, 94. Deplotene. 
95. Synaptonemal complex, 96, Bouquet stage of mitosis, 
97. Satellite body, 98. Crossing over, 99. Chiasma and, 100. Dyad. 
Fill up the gaps : 

Chromosome is formed of two longitudinal halves known a8 ——. 
The chromonema possesses some bead like structures known a8 ——- 


The chromosome terminates at either ends in a structure known 
as —. 


The regions of the chromosome that take stain is known as — region. 


- Adenine combines with — and guanine with — in DNA replication. 


— is the genetic material. 
The protein fraction of chromosome comprises of — and — proteins. 
The number of sex chromosome of a human male is —. 


When the products of chromosomal replication remain united is 
known as —. 


Brush-like chromosomes (Lamp brush chromosomes) are typically 
found in —. 


Maximum coiling of the chromosomes occurs during — phase of 
mitosis. 


The fibres surrounding the centriole during spindle formation i& 
known —. 


During Leptotene, the peculiar arrangment of the chromosomes is 


known as —. 


The movement of the chiasmata from the centromere towards the end 
is known as —. 


The crossing over in meiosis takes place in — stage. 

The interchange of the chromatin material occurs through —. 
Primarily a chromosome contains — percent nucleoprotein, 
The spore in plants initiate — generation. 

The gametes bear — number of chromosomes, 

The somatic cell bear — number of chromosomes. 

The diploid number of chromosomes of man is —. 


45% of nucleoprotein is — and rest —% is a protein called Histone- 


10. 


11 


12 


13. 


14. 


15. 
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@ Public Questions from this Chapter 


Long answer type i 


Describe the morphology of Chromosome, What are the different 
constituents of chromosome? Describe the chemical nature of 
chromosome. (Tri, H. S,'82; H. S. '86) 
Iu which stage and in what type of cell division the characteristis 
features of the chromosome become distinct? Describe the different 
parts of a typical chromosome. What do you mean by diploid and 
haploid number of chromosomes- (Tri. H, S. '87) 
The chromosome number of a plant is 2n =20. What would be the 
chromosome nnmber in the following structures of it ? (a) pollem 
grain, (b) cells of root, (c) endosperm ; (d) petal. (Tri, H. S, '84) 


Discuss the chemical nature of chromosome. (Tri. H. S. '82) 
Where do you find polytene chromosome? Draw and describe the 
structure of a polytene chromosome: (J. E, E. '86) 
Name the bases found in DNA. What are the other components 
attached to these bases to form DNA. (Tri, H- S. '84) 
Define. gene. Write what do you know about gene? Write the 
chemical nature of gene, (H. S. '86) 


Distinguish between germ cell and somatie cell. Describe with neat 
labelled sketches the various Stages of mitosis in an animal cell. 

(J. E. E. 78) 
Write the importanee in interphase and describe the structure of 
different organelles at this stage. (J, E. E. '87) 
What is Karyokinesis ? Give an aecount of process of division of 
animal cell starting from resting stage up to anaphase stage, Why is 
it called equational division ? (Tri. H, S, '83) 
Draw neat diagrams of various Stages of mitosis, What are the 
differences found in plant and animal cells during the process of 
mitosis ? Why is mitosis” called an equational division and meiosis 
reduction division, (J. E. E. '78) 
Why mitosis is called an equational division ? Draw diagrams of 
metaphase and anaphase stages of mitosis in animal cell, What is 
the significance of mitosis ? (H, S; '84) 
(a) What is meant by heterotypic cell division ? (b). Explain the 
following with reference to meiosis : (i) Bouquet stage (ii) Tetrad 
(iii) Terminalization (iv) Interkinase, (J,E.E. 87) 


Explain the reduction in chromosome number during meiosis, 


(J. E: E. '78) 
Where and when does meiosis occur in an organism ? Draw labelled 
sketches of various stages of first meiotic prophase. What is crossing 
over ? State the importance of crossing over, (J. E. E. '81, 86) 


41. 
48. 


49. 
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Short answer type : 
Why chromosome is not visible in the nueleus during interphase ? 


Describe the phase briefly. ( Tri; H. S-, '85) 
Define chromosome, chromatid and gene; (H. S, '78) 
Why is meiosis called reductional division ? (H. S. '81, 86) 
What do you mean by acrocentric chromosome ? (H.S'85) 
What is the importance of chromosome in a cell ? (H.S,'82) 
What do you understand by chromomere ? Where it i$ formed ? 
(H. S. '78) 
What are chemical components of DNA ? (H, S. ’87) 
What is DNA? (H. S, *80) 
Name four bases present in DNA. (H. S. ’82’ 87; J. E. E. '85) 


What is RNA? Mention the full term of m-RNA (Tri, H. S. '82) 
t-RNA (Tri. H, S. 83), r-RNA (Tri H. S '84) 


Why amitosis is called indirect cell division ? (H. S, 82) 
Why does a cell divide ? "TS (H. S. 82) 
What is the importance of resting phase in cell division ? (J.E.E, '85) 
What is an interphase ? (gr. S. ’83, '86) 
In which way does cytokinesis occur in plant cell ? (H. S: '82) 
Why mitosis is called equational division. (H. S. '82) 
Ts mitosis operative on all cells of the body ? (H: S. '83) 
What is the role of centrosome during nuclear division in animal 
cell ? (H. S. '82) 


. Where does meiosis take place in pea, plant and guineapig 7, (H..S. 78) 


Distinguish between : 


Chromosome and centrosome, (H. S. '79) 

Primary constriction and secondary constriction. (J. E, E. 87) 

Euchromosome and hetrochromosome. ; 
(H. S. 79, 81, 83 ; J. E. E. ’85, '87). 


Karyokinesis and cytokinesis. (H. S. 779, 786); 
Centromere and chromomere. (H.S, °86) 
Germ, (Reproductive) cell and somatic cell, (H. S,,’80, 786) 
Centrosome and centromere. (H. S. ^79) 
Autosomes and sex autosome. "n (H. 8,779) 
. "Allosome and autosome. (J. E, E. '87) 


DNA and RNA. j (H. S..86, Tri H. S. '86) 


Write short notes on : 


. Metacentrie chromosome. - i (H. S. '83) 
Autosome. (H. S. 80) 
Byngamy; 1 (H. S. '86) 
Synapsis: (H: S. 80; '81) 


Allele. (H. S. 84,86) 


Syllabus: General idea about tissues in plants and animale—out line 
only. i 

(a) Plant tissues—occurance, functions and classification,—meristematie 
And permanent, simple and complex, 

(b) Animal tissues—occurance, functions and out line idea of epithelial, 
connective, muscular, nervous and secretory tissue, 


Blood as a fluid connective tissue: (mention only) its components— 
plasma, types of blood cells, haemoglobin and haemocyanin, 


4,1 Introduction : 


Tissue (Old French tissu, woven, faxture, to wave) Living body composed 
ofcell or cells, Plants and animals composed of a single cell are respectively 
called as unicellular plant and unicellular animal, By the help of that solitary 
cell plants and animals perform all physiological functions like nutrition, 
respiration, excretion, reproduction ete. In most cases the body of every 
living organism starts with a single cell, the zygote (fertilized ovum), which 
later on by cell division produces a multicellular body. In which the cells 
are arranged in certain groups to perform Specific functions, That shows 
that a division of labour lies in the multicellular body by groups of cella. 
Different types of cells present in the body of higher living organisms are 
‘very essential. Those cells collectively form a tissue and work congruously 
‘to maintain the various life activity of the organism, 

The animal a fertilized ovum through cell division and cell differentiation 
give rise to foetus. During early em 
mass differentiates into three embryonic layers, the ectoderm, endoderm and 
mesoderm, All types of tissue are from this three embryonie 
layers. Thus as development Proceeds, group of cells become differentiated 
fromone another and are built up in different patterns to form the tissue. 
a part of an organism adapted 
Assemblage of several organs for 
Thus to know the system one 
y are made of, 


a particular function constitutes a system, 
must understand the tissues with Which the 
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"4:2: "Definition of Tissue: A tissue may be defined asa 
«group of similar or dissimilar cells having a common origin and 
performing similar function. 

The cells composing a tissue may be closely packed together 
without any intercellular spaces or may be loosely arranged with 
intercellular spaces. These intercellular spaces are interconnected 
with in the plant body and together form an integrate net work 

.of intercellular spaces. Air, water, different kinds of waste 
„products like resin, gum, essential oiletc. are present within the 
A —— M — 


Zchizogenices: Intercellular spaces formed due to the splitting 
ofthe adjoining eell walls and the spaces are eell schizogenous 
e.g. Resin ducts of carifers, 


Lysogenises : Intercellular spaces formed due to the complete 
disintegration of the entire eells, and the spaces are called 
lysogenous e.g. oil cavities of citrus fruits orange. 


intercellular spaces. -In the animal the intracellular spaces are 
filled up with non-living tissue matrix called intracellular 
substance. 


PLANT TISSUE 
——— ee ——7 
4.3. Classification of plant Tissue è 
According to nature, position, origin and functions tissues are 
broadly classified. into two groups— 

I) Meristematic tissus—Cells which are always in a state of 
division and (II) Permanent tissue —Cells which are not ina 
state of division, that is, permanent. 

‘4.4. MERISTEMATIC TISSUE : 


A. Definition—That type of tissue which is composed of 
jimmature cells and are always in a state of division producing 
mew daughter cells continuously by active cell division is called 
meristematic tissue or meristems (meristos=divided). 

B. Distribution: Meristematic tissues are distributed at the 
growing tips of root, stem and leaf. Sometimes meristems lie in 
between the permanent tissues called intercalary meristem. In 
4hose plant where increase in diameter of plant organs (eg. stem) 
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takes place, in there cases meristems are arranged. along their: 
sides called lateral meristem. 


Tissue: A complex of cells of common origin (Fahn, 1967) 

Meristem : Meristematic tissue shortly called meristem. 

Meristematic tissue: One type of immature cells which possess 
the power of division. 


C. Structure : The cells of the meristematic tissue looks more or 
less round i.e., isodiametric or oval'or polygonal. Smaller cells are: 
| compactly arranged without 
intercellular spaces. Cells. 
are completely filled up with. 
dense granular ^ cytoplasm, 
hence ^ without ^ vacuoles. 
Smaller vacuoles may. be 
present. Each: cell possess a: ' 
‘single’ {prominent  nncleus.. 
No ergastic matters are found. 
; within the cytoplasm. But 

Fig.4L A typical Meristemetie tissue, — proplastid may be present. 
Cell wall is thin, homogeneous and made up of cellulose. The 
meristematic tissue which lies at the growing apex of root and stem 
is called primordial meristem or promeristem. The meristematic 
cells which remain in a meristematic condition are called initia- 
ting meristematic cells and the célls derived by them are called 
derivatives., These derivatives enlarge gradually, change their 
shape and have lost the power of divisions. They ultimately’ 
changed into mature cells with definite shape and functions. 
These changes may be referred to as differentiation. 


1 Eumeristem or true meristem ; 


The characters of the typical Meristemetic cells as stated above 


should be better termed as enmeristem or trug meristem, according 
to some authors, 7 t I 


C. Function : i 

Cells of the: meristematic tissue by. active. division helps to: 
increase the number of cells whereby overall growth of the plant. 
organ takes place. 


TISSUE 209 


D. Classifieation of Meristematie Tissue : 


Meristematic tissues are classified according to their origin, 
position, function and plane of cell division, 


I. Classifieation according to origin : 


(i Primary meristem : This type of tissue remain meriste- 
matic throughout the whole life of the plant from the very 
embryonie condition at the growing apices of stems, roots, 
primordia of leaves. Primary meristematic tissues always remain 
in dividing condition in the plant body. The fascicular cambium 
which remains in the vasular bundle of gymnosperms and dicoty- 
ledons angiospermic plants are primary meristem. 


(ii) Secondary meristem: From the primary meristems, 
permanent tissues are gradually differentiated. But some living 
permanent Calls may suddenly regain the power of cell division 
forming secondary meristem. Examples of secondary meristems 
are phellogen or eorkeambium and interfascicular cambium which 
develop during secondary growth in thickness. Secondary meris- 
tem add new cells to the primary body with specific purpose like 
protection and repair. 


Il. Classification according to position : 
According to positions meristematic tissues are of three 
types like apical, intercalary and lateral. 


(i) Apical meristem: The type of meristem present at the 
apices of stems and roots of vascular plants is called apical, 
meristem. It includes the promeristem and the primary meris- 
tem. Due to their activities increase in length of the plant organs 
take place. Hence apical meristems are also termed as growing 
points. In the apical meristem of pteridophytes a single apical 
cell is present but in case of spermatophytes (higher groups of 
plants) a group of cells at the apex constitute the apical meristem, 
called apical initials. Such apical cells may develop in one or 
more tiers. i 

(ii) Intercalary meristem : Meristem which lies embedded 
within the permanent tissue is termed as intercalary meristem. 

During the gowth of the root and stem, a portion of the apical 
meristem is separated from the apex by the development of perma- 
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nent tissues and finally remain embedded between the masses of 
permanent tissues. In different organs of plants intercalary 
Apical meristems are found e.g., at the 
merisiem leaf bases of Pinus, at the base 
ofthe internodes of grasses, in 
the internodes of  Equisetum, 

p etc. Increase in length of the 
A X axisin which they occur is the 
main function of the intercalary 
meristem. This type of meris- 
tems are short-lived. They 
either gradually merge with the 
neighbouring tissues or may be 
converted into permanent 
tissues. 


Intercalary, 
meristem 


| (iii) Lateral meristem : Meris- 

Fig! 43; Disbyan ot. médstems in tem which are situated laterally 

longitudinal section of shoot (based ie., parallel to the sides of the 

on position). root and stem of gymnosperms 
and dieotyledons is called lateral meristem. The cells of the 
lateral meristems divide mainly in one plane i.e. , periclinally, thus 
causing the organs in which they occur to increase in thickness. 
Thus they gradually give rise to the secondary permanent tissues. 
The examples of lateral meristems are fascicular cambium, phello- 
gen or cork cambium. The main function of the lateral meristem 
is to increase in diameter or girth of the plant organ. 


HI. Classification aecording to function : 


According to Haberlandt (1914) the primary meristems is 
classified into three types according to function viz., protoderm, 
procambium and fundamental or ground meristem. 

(i) Protoderm : The outermost cell layer. The cells after 
radial division give rise to the outermost layer epidermis. In 
case of Ficus, many layered (multiple) epidermis is formed due to 
tangential divisions of the cells. The protoderm in case of roots 
give rise to the epiblema or piliferous layer. 

(ii): Procambium: The elongated tapering cells of the 
growing region constitute the procambium. In case of dicoty- 


TISSUE 211 


ledonous stems the procambium strands occur in a ring. The ring 
later on separated into a number of isolated strands. Each strand 
develops into a vascular bundle consisting of xylem, phloem and 
cambium. The strands are scattered irregularly in case of 
monocotyledonous stems. Only one procambium strand is found 
in the centre of roots. In some stems the procambium strands 
gradually increase to produce pericycle. 


(iii) Fundamental or Ground Meristem: The remaining 
portion of the meristematic tissue other than protoderm and 
procambium constitute the ground or fundamental meristem, 
which gradually differentiated into cortex, medullary rays and 


the pith. 
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Fig. 43. Sections of stem apex showing distribution of tissues (diagrammatio). 


Stem apex: A longitudinal section through the apex of a stem 
reveals that the apical meristem is composed of a small mass of 
rounded or polygonal cells, allof which are fundamentally alike 
and are in a state of division ; these meristematic cells constitute 
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the primordial meristem or promeristem. The cells comprising 
the promeristem soon. differentiate into three zones, viz., dermato- 
gen, periblem and plerome. 
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Feriblem Plerome Feriblem 
Fig. 4*4, Stem apex in longitudinal section. 


(1) Dermatogen (derma, skin; gen, producing): The der 
matogen isthe single outermost layer of cells which can divide 
radially. It ultimately gives rise to epidermis (skin) of the stem. 


(2) Periblem (peri, around; blema, covering) : The peri 
blem lies internal to the dermatogen and thus represents tl 
middle zone of apical meristem. At the apex, it is single layered 
but lower down it becomes many layered. It differentiates eithe! 
into cortex only or into hypodermis, general cortex and endo: 
dermis. 

(3) Plerome (pleres, full) : The plerome lies internal to the peri- 
blem and represents the central zone ofthe stem apex. A little 
away from the apex certain groups of cells show a tendency t0 
elongate. These groups of elongated cells constitute the procam 
bium which ultimately differentiates into vascular bundles 


Pericycle, pith and pithrays are differentiated from the rest of 
the plerome. 
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Root apex: A longitudinal section through the apex of a root 
reveals that it is covered over and protected by a multilayeredtissue 
constituting the root cap. 


The apical meristem actually  2ermafogen Rashi ns 
lies behind the root cap. The es Plenbinir pid. ud / 
promeristem, as in the apex H 


of the stem, soon differen- 
tiates into dermatogen, 
periblem and plerome. 

(1) Dermatogen: As in 
the apex of stem, the der- 
matogen of root apex is also 
single layered which ulti- 
mately merges into the 
periblem ; just outside this, 
the dermatogen cuts off many 
cells. Such a tissue is known 
as the calyptrogen (calyptra, 
cap; gen, producing). The 
calyptrogen is meristematic 
in nature which ultimately 
gives rise to the root-cap. - 
Usually in dicotyledons, the Fig. 4°5. Root apex in longitudinal 
dermatogen continues  up- Section, 
wards as a single outermost layer constituting epiblema of the 
root; but in monocotyledons particularly, the dermatogen is 
meant for the formation of root cap, while epiblema is derived 
from the outermost layer ofthe periblem, 


Calypirogen 


Root Cap 


(2) Periblem : As in the stem. the periblem is single layered 
at the root apex but many layered higher up. It forms cortex of 
the root. 

(3) Plerome : The structure and functions of the plerome are 
practically same as those of the stem. 


IV. Classification according to the plane of cell division : 


(i) Mass meristem : In this type cell division occurs in all 


planes and results in the increase in volume eg., growth of young 
embryos, endosperm, etc. 
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(ii) Plate meristem: In this type cell division occurs in 
two planes and results in the increase of a plate like area eg, 
growth of the flat leaf blade, one layered epidermis, etc. 


(iii) Rib or file meristem: In this type cell division occurs 
in one plane producing rows of cells. Asa result of this type 


of cell division increases in length of organs takes place eg., for- 
mation of cortex and pith of young stems and roots. 


; Chart showing different types of Moeristematie tissue according to their 
origin, position, fanction and plane of cell division, 


Ce See ha peu Tir iUst o 2 aaa 


Meristem 
According to According to setts to According to plane 
origin position function of cell division 
(a) Primary meristem (a) Apical meristem (a) Protoderm (a) Mass meristem’ 
(b) Secondary (b) Intercalary (b) Procambium (b) Plate meristem 
meristem meristem (c) Ground (c) Rib meristem or 
(c) Lateral meristem ` meristem File meristem 


4°6. PERMANENT TISSUE $ 


(a) Definition: Permanent tissues are those. tissues which 
have lost the power of division and hence remain permanent. 
Meristematic cells by gradual differentiation forms the perma- 
nent tissue. The cells of which have no power of cell division. 
(b) Charaeteristies of Permanent tissues $ 


(1) Within the cell protoplasm may be present or absent i£» 
may be living or dead. 


(2) Cell wall is composed of cellulose or other modified 
substances. 


(3) Cell wall may be thin or thick. 
(4) Tn between the cells intercellular spaces may be present. 


(o) Classification: On the basis of the types of constituent 
cells permanent tissues may be classified into simple, complex 
and special tissue. 
4°7. SIMPLE TISSUE : 

Definition : Simple tissue consists of only one type of cells, 
hence they are homogenous in nature. The cells constituting 
the tissue perform the same function. 
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Examples of simple tissues are Parenchyma, Collenchyma and 
Sclerenchyma. 


4'8. Parenehyma : 


(a) Definition: The primary permanent simple tissue of the 
: plants which consists of thin walled living cells. 

(b) Origin : From the ground meristem and protoderm the parenchyma of 
the primary body develops. Parenchyma cells connected with the vascular 
elements arise from the procambium strands, Secondary parenchyma 
develops from cork cambium and interfascicular cambium during secondary 
growth. 


(c) Structure: The cells are living and are often, more or less 
isodiametric in shape with intercellular spaces. The cells 
differing in physiological functions. Cells having living proto- 
plasm and they retain the capacity from growth and division. 
The cell wall is usually thin and is composed of cellulose. Some- 
_times due to the deposition of hemicellulose the primary cell wall 


Fig. 4*6, (A)-Parenchyma in t.S. (B)-Aerenchyma in l,s. 


of parenchyma cells become thick e.g., the endosperm of Phoenix 

(date palm), Coffea (coffee), etc. Parenchyma cells with thick 

and lignified secondary walls noted occasionally in the cells of the 

secondary xylem, pith parenchyma,etc. The shape of the par- 

enchyma cells are variable. They may be elongated (palisade 

tissue of the leaf),lobed (spongy and palisade tissue of some leaves), ` 
or stellate (star shaped) having branches present in the stems of 

some aquatic plants with well developed air spaces e.g., Scirpus, 

Juncus, etc. 
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The parenchyma cells in the cortex of stems of some green 
plants and mesophyll tissue of leaves contain chloroplasts. Thns 


Intercellular spaces Air cavities 


A 


Flg. 47. Different types of parenchyma tissue—(A) General, (B) Thick 
walled, (C) Chlorenchyma and (D) Aerenehyma. 


chloroplast containing parenchyma cells with photosynthetic 
function are called chlorenchyma. 


In some parenchyma tissues, intercellular spaces may be well 
developed into air cavities and forma connected system through- 
out the entire plant body eg., many aquatic plants. Thus the 
parenchyma tissues having well developed air cavities and form 
a Connecting system of the plant body are called aerenchyma- 
Some parenchyma cells contain leucoplastids which serve to 
store reserve materials in solution within the vacuoles or in the 
form of solid particles in the cytoplasm. Such specialised paren- 
chyma cells which contain oils, tannins and calcium carbonate 
crystals are called as idioblasts. This types of cells differ from 
the neighbouring cells in their size, contents and function. 


(d) Distribution : The ground tissue of plants formed by paren- 
chymatous tissue. In the stems and roots, parenchyma cells occur 
in the cortex, medullary rays, pith, epidermis and pericycle. 
Parenchymatous tissue also found in the mesophyll tissue of 
leaves, pulp of fruits, embryo and endosperm of seeds. This type 


of cells also occur in association with the conducting elements 
like xylem and phloem. . 


(e) Functions : 1. Manufacture of food by the process photo- 
synthesis. 


2. Storage of food and water in root, fruit and seeds. 
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3. Conduction of water and food matters by the parenchyma 
cells of xylem and phloem. ^ 


Simple tissue—Composed of only one type of cell i.e., hamogeneous. 
Complex tissue — Composed of more than one type of cell i.e., hetero- 
geneous. 

Parenchyma—Simple tissue composed of thin walled living cells, 

Chlorenchyma— parenchyma cells containing chlorophyll. 

Aerenchyma—Parenchyma containing air cavity. 

Idioblasts—Parenchymatous cells containing oils, tannins, crystals 
of calcium oxalate, etc. 


4. Protection—Due to the formation of cuticle over the 
epidermis. 
5. Wound recovery and regeneration of lost organs. 
6. Reproduction due to the formation of bud. 
Table 4'1 
Differences between meristematic and permanent tissue 


Meristematic tissue 


Permanent tissue 


1. Immature cells present in 1. Mature cells present in 
the growing regions of the permanent regions 
the plant body like the of the plant body like 
apex of stems and roots. the central column 

à (stele) and cortex of 
stems and roots. 

2. The cells of this tissue 2. The cells of this tissue 
possess the power of divi- have no power of 
sion. division. 

3. The cells have no definite 3. The cells have difinite 
shape. shape. 

4. This tissue is . without 4. This tissue possess inter- 
intercellular spaces. cellular spaces. But in 

case of  sclerenchyma 
intercellular spaces are 
: absent. 

5. Cells remain completely 5. Cells possess vacuole, 
filled up with protoplasm Protoplasm may be pre- 
and are generally without sent or absent within 
vacuole. the cell. 
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(Cont.) Table 4*1 


Meristematic tissue Permanent tissue 


6. All cells are living. 6. All cells are non-living. 
The cells of the perma- 
nent tissue may be dead 
or, living. 

7. Cell wall is thick or 
thin and made up of 
primary and secondary 
cell walls only. 

8. Permanent tissue can 
not produce  meriste- 
matic tissue. 

9. They possess mecha- 
nical function. Other 
functions performed are 


—manufacture of food, 
stance ede take Storage of food, protec- 
pace, tion, etc. 

eaae os, 5, A N ll 

49. Collenchyma : 


7. Cell wall is thin and 
made up of cellulose. 


8. Meristematic tissue pro- 
duces permanent tissue, 


9. They have no mechanical 
function. The cells are 
always in a state of divi- 
sion hence increase in 


(a) Definition : Another 
sisting of unevenly, thick w 


(b) Origin : Collenchyma cells usually originate from the elongated procam* 


bium like cells, “According to some authors, collenchyma originates jointly 
with the vascular tissues from the strands of proeambinm. 


primary permanent simple tissue con- 
alled living cells. 


(c) Structure : It is a simple, living permanent tissue, consisting 
of slightly elongated cells which have generally unevenly thick- ' 
ened walls composed of cellulose, Collenchyma cells vary in size 
and shape. The cells may be either short or elongated fibre like 
With tapered ends. Mature collenchyma cells are less plastic, 
harder and more brittle than the immature collenchyma cells: 
Individual collenchyma cells may often attain a length of 2 m.m. 


Y contain chloroplasts like parenchyma 
Like the parenchyma cells the collenchyma cells 


Collenchyma cells ma 
and also tannins. 
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retain the power of cell division. Collenchyma cells differ from 
parenchyma cells mainly due to their thick-walled nature. The 


Fig.4'8. Collenchyma (A) t. s., (B) 1. s. 


unevenly thick cell wall is made up of cellulose, hemicellulose and 
pectic materials. The thickening of the cell wall generally occur 
at the corners where a number of cells join with each other. 
Primary pit fields may be distinguished in the collenchyma cell 
walls. Intercellular spaces may be present or absent in the 
collenchyma. 


Table No. 4'2 
Difference between Collenchyma and Chlorenchyma 


———————————————————————————? 


Collenchyma Chlorenehyma 
1. Chloroplast may be 1. Chloroplast containing 
present or absent with- parenchyma cells. 
in the cells. 
2. In transverse section 2. Isodiametric cells. 


the cells look elonga- " 
ted and angular. t 


mn————— —————————Máo — MÀ 
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(Cont.) Table 4:2 
ee 


Collenchyma Chlorenchyma 
3. By their end walls the 3. Chlorenchyma cells are 
cells are interlocked. not interlocked. 
4. Hard unevenly thick- 4. Soft uniformaly thin 
ened cell wall. cell wall. 
5. Function — Photosyn- 5. Function — Photosyn- 


thetic and mechanical, thetic and storage. 
(d) Types of Collenchyma: On the basis of the thickening 
Cellulose containing. Cell wall pattern of the cell wall collen- 
à chyma are of three types, viz.— 
(i) Angular collenchyma : In 
this type, cell wall thickenings 
are localised at the corners or 
angles of the cells. Here the 
cells are compactly and irregular- 
ly arranged without any intercellu- 
lar spaces eg. found in the 
Fig. 49. Three dimensional stems of Datura, Dahlia, 
diagram of collenchyma, Cucurbita (gourd) etc. 


(ii) Lacunate or Tubular Collenchyma : In this type, inter- 
cellular spaces are Present and thickening occur mainly on the 


B c 
enchyma-(a) Laeunate (b) Angular 


Fig. 410, Different types of Coll 
(c) Lamellar, 
‘walls around the intercellular 


5 i Spaces in between the cells. eg., 
found in the petioles of Salvia, 


Asclepias, Malva, etc. 


TISSUE 221 


(iii) Plate or Lamellar Collenchyma: In this type, the cells 
are compactly arranged without any intercellular spaces. The 
cell wall thickening is restricted to the surface (tangential wall) 
only than on the radial walls of the cells, eg., found in the stems 


of Sambucus, Eupatorium, Rhamnus, etc. 


Table 4°3 


Types of Collenchyma according to the disposition of the wal) 


thickening. 


——á—————— M 


Angular 
Collenchyma 


Wall thickening 


deposited predomi- 
nantly at the cor- 
ners or angles of 
the cells. 

eg., stems of Datura, 


Lamellar 
Collenchyma 


Wall thickening 


deposited more 
heavily on the tan- 
gential than on the 
radial walls of the 
cells. 


Lacunar 
Collenchyma 


Wall thickening 
deposited primarily 
around the inter- 
cellular spaces be- 
tween the cells. 

eg. Petioles of 


Dahlia, Cucurbita. eg. Stems of eyes 


Rhamnus, Sambucus. 


(e) Distribution: In the stems of dicotyledonous plants 
collenchyma may occur beneath the epidermis as a continuous 
band of one to several cell layers thick (eg. sunflower stem) or 
as isolated patches (eg. Cucurbita stem) forming hypodermis. 
In case of Leonurus (B. Raktodrone) stem collenchyma present 
only at the corners of the square stem. Collenchyma cells are 
present in the petioles and leaf blades of leaves and also in 
the floral stalk. . 


(f) Functions: 1. Gives machanical rigidity to the plant 
organs. In growing organs they function as supporting tissue. 


2. Chloroplast containing collenchyma cells perform the 
function of photosynthesis. 


4°10. Sclerenchyma : 


(a) Definition : It is another type of simple permanent tissue 
consisting of evenly thickened lignified dead cells, which perfore: 
the mechanical function. 
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(b) Structure : The cells of this type of tissue have very thick, 
hard and lignified walls with a very low percentage of water. Due 
to the loss of the living protoplast at 
maturity, the sclerenchyma cells become 
dead. Over their walls simple pits 
are found and the cells are longer in 
comparison to the breadth.  Scleren- 
chyma differs from collenchyma due 
to the absence of living protoplast and 


is being lignified and elastic nature of 
the cell wall. 


In shape and size sclerenchyma cells 
Vary greatly but in general divided 
into two types like (i) sclerenchyma 
fibres and (ii) sclereids or sclerotic 
cells. 


eS ^ : fi- 
Ei (4) eder (i) (a) Selerenehyma fibres: Defi 


chyma fibres in l.s. nition 2 Elongated, narrow fibre like 
(B) Sclerenchyma fibres sclerenchyma cells with tapered ends 
in t.s. (C) A single 


Sclerenchyma fibre, called sclerenchyma fibres. 
(b) Origin : Sclerenchyma fibres develop from the different meristems 


such as procambium, ground meristem and also from the protoderm, Fibres 
formed by the cambium originates from the fusiform initials, 


(c) Characteristics of the sclerenchyma : 


Characteristics of the Sclerenchyma fibres s 

(a) They are much longer than breadth, 

(b) Their ends are strikingly pointed, 

(c) In cross section they looks polygonal, and 

(d) They lacks intercellular spaces, 

ee e 
(d) Structure : Fibres are Very long and narrow with painted 

ends. The fibres are many times longerthan the breadth. Sometimes 
fibres may be branched and their ends may be blunt. The walls 


are thickened uniformly and often very much. lignified. Small 
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Due to the extreme thickening of the secondary wall the cavity 
(lumen) is very narrow. The cell are dead due to the loss 
of protoplast at maturity, The fibres look angular in 
cross section. In some cases fibres have walls without 
lignification, which are made up of cellulose (eg. Linum). 
Some fibres have mucilagen- ous cell walls. 

(e) Types of. slerenchyma fibres: According to the 


Fig, 410, A-B, Sclerenchyma fibres (three dimensional, C-Selereids 
in 1,8, D-Sclerids in t.s. , 
position of fibres in the plant body, they are classified into 
two groups eg., Intraxylary fibres or wood fibres and Extraxylary 


fibres or bast fibres. 


(1) Intraxylary fibres or wood fibres: These are xylary 
orxylum fibres, which are provided with bordered pits. These 
fibres are associated with the xylem. On the basis of the 
thickness of wall and types of pits, xylary or xylem fibres 
are of two main types Libriform fibres and Fibre-tracheids. 

(i) Libriform fibres: These are narrow fibres with well 
developed hickened secondary . wall and. possess reduced simple 
pits. 
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(ii) Fiber-tracheids : These are intermediate between a libri 
form fibres and normal tracheids. They are provided with medium 
thick wall and possess bordered pits. 


Sclerenchyma fibres: Elongated fibre like sclerenchyma cells. 
Sclereids or Sclerotic cells : Much shorter thickwalled scleren- 
chyma cells. 
Libriform fibres : Narrow fibres with reduced simple pits. ; 
Fibre tracheid : Cells intermediate between libriform fibres 
and trachids with bordered pits. 
ES 7-09 a a i 
Table 4.4. 


Differences between Libritorm fibres and Jracheidal fibres? 
ee eee RN. = 


Libriform fibres Tracheidal fibres 
1. Fibres very long. 1. Fibres not very long. 
2. Have simple pits. 2. Have bordered pits. : 


3. Fibres of cortex, pericycle | 3, 
and phloem. 


Sr sl 


Fibres of xylem. 


(2) Extraxylar fibres or bast fibres: The fibres occur in the 


cortex, pericycle and even in the phloem other than the xylem 
Hence they are better termed as cort 
and pholem fibres. 
simple pits. 


These fibres occur as. co 
the cortex, in the pericyc 
as patches in the monocoty 


x í in 
ntinuous bands or isolated strands Í 


le, as caps over the vascular bundle and 
ledonous leaves, 


Jute is a bast fibre of the secondary phloem of the jute plant. 


(e) Distribution: Fibres are distributed as bundle sheath i? 


monocotyledonous stems €.g., Maize, in the dicotyledonous stem 
sunflower in the form of bundle cap i 


Whole pericycle, in the Pine (Pin 
Wood fibres and bast fibres 
respectively. 


(f) Functions: 1, Most effectively function as mechanical 
tissue to give Strength and rigidity. 


us) leaf as hypodermis, and 48 
in case of xylem and phloem 


2. They can also withstand strains and stresses effectively. 


ical fibres, perivascular fibres | 
All these fibres are elongated bodies bearing 


n case of cucurbita stem thé 


i 
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(g) Importance : From the sclerenchyma fibres jute, hemp, 


sisal, flax, etc. are obtained, hence they have great commercial 
value. 


Table 4:5 
Diflerences between wood fibre and bast fibre 
Wood fibre Bast fibre 
(Xylem fibre) (Pholem fibre) 
l. Present in xylem. l. Present in phloem. 
2. Protoplast always absent 2. Cytoplasm sometimes 
within the cells. present within the cell. 
3. Cells provided ^ with 3. Cells provided with 
narrow lumen. slightly wider lumen. 
4. Partition wall may be 4. Partition wall absent 
present within the cells. within the cells. 


pe——o n ——— aee 


B. Selereids or Sclerotic cells : 
(2) Definition : More or less short isodiametrie sclerenchyma 
cells are called sclereids or sclerotic cells. 

(b) Origin: Sclercids develop from the parenchyma cells, which are dis- 
tinguishable from the nearby cells by their large size and big nuclei. Sub- 
sequently these cells grow very rapidly and due to secondary thickening of the 
cell wall transformed into sclereids or scterotie cells. 

(c) Structure è Sclereids or stone cells are more or less isodia- 
metric in shape or irregular i.e. more or less luxuriantly branched. 
They are much shorter in length than true fibres. The shape of 


Fig. 412. Sclereids—(A) in flesh of pea (B) in coconut shell. 


the cells are extremely variable i.e. columnar, irregularly branched. 
Bio-15 
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Due to the loss of protoplasm the cells of the sclereids become 
dead but protoplast may be retained in some cases at maturity, 
Walls of most sclereids are hard, thick and lignified. Occasi- 
onally the walls may be cutinized or Suberised. The thickness of 
the wall may not be uniform. Generally simple pits are present 
in the walls of sclereids. Sometimes branched pit canals are 
produced due to the fusion of pits.: Occasionally sclereids may 
contain mucilage and tannin. : 

(d) Distribution : Sclereids occur in the cortex, phloem, pith, 


pericarp of fruits eg. Psidium (guava), testa of the seeds and fruit 
wall either single or in groups. 


Table 4:6 
Differences between Selerenehyma fibre and sclereids. 
Selerenehyma tibre Selereids 
BESS a Soo 
1. Develops from the meris- . l. Develops from the un- 
: tematic cells. Specialised parencyma 
: cells. 

2. Elongated, thick walled, 2: Orbicular, or elliptical, 
lignified cells with poin- rod shaped or star shaped 
ted ends. cells with heavily thick- 

1 ened lignified cell wall. 

3. Pits present on the cell 3. Pit canals present on the 
Wall may be simple or Cell wall may be simple 
branched, or branched, 

4. Present mainly within 4. Present outside the stelar 
the stelar portion of the Portion in the softer 


plant organs, parts of the plant organs. 


5. Remain unchanged after 5. With the ripening of the 
the death of the plant tissue sclereids become 
Organ, Soft. 

6. Effective machanical 6. Effective mechanical 
tissue which Can with- tissue, 


stand strains and Stresses 
Successfully. 
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(e) Types of sclereids: On the basis of shape, size and 
nature of the cell wall, sclereids are classified into four 


(b) (e) 
Fig. 4:13. (a)-(d) Different types of sclercids. 


types—Brachysclereids or stone cells, Macro-sclereids, Osteos- 
clereids and Astrosclereids (Fig. 4°13 a, b, c, and d respectively). 

(i) Brachysclereids or Stone cells: These are parenchyma 
like cells. The cells are usually isodiametric. They are 
commonly called stone cells. Due to their gritty texture of the 
pulp of some fruits like Psidium (guava), they are also termed 
as grit cells. This type of sclereids occur in the flesh of fruits eg, 
Guava ( Psidium ), Pyrus etc. ; in the parenchymatous tissues 
of cortex eg. Hoya, phloem of stems eg. Cinnamomum. 


(ii) Maero-selereids : These ase rodshaped elongated cells 
which forms a palisade like layer in the epidermal layer of the seed 
coat of Pisum (Pea), Phaseolus (Mung), etc. 


(iii) Osteoselereids : These are bone-like elongated or barrel 
Shaped sclereids with swollen ends. This type of sclereid occur in 
the leaves of xerophytic plants eg. Hakea and in the seed coats 
eg. Pisum (pea). 

(iv) Astro-selereids ; These are irregularly branched star 
like or stellate sclereids. This type is found in the leaves and 
stems of many dicotyledonous plants like Nymphaea (water lily), 
Thea, etc. Sclereids sometimes appear as idioblasts. In case of 
Nvmphaea (water lily some solitary armed thick and lignified 
idioblastic sclereids are found to project into intercellular spaces. 
This type of idioblastic sclereids are called ¢richoblasts or trichos- 
clereids or “internal hairs”. This type of sclereid is to some extent 
hair like ın form and sometimes show branching e.g. aerial roots 
of Monstera, leaves of Olea (olive), etc. Sometimes elongated 


branched sclereids are found which looks like sclerenchyma fibre 
and are termed as fibre sclereid. 


(f) Function : In the softer parts of the plant organs sclereids 


actasa striking mechanical tissue due to their heavily lignified 
thickened secondary wall. 
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n Tissue 


Simple Tissue Complex Tissue 
| 
| 
Parenchyma Collenchyma Sclerenchyma 
1. Chlorenchyma 1, Angular 
2. Aerenchyma 2. Lamellar Í [ | 
3, Idioblast 8. Lacunar 1, Fibre 1. Sclereids 
2, Wood 2. Brachy [ 
3, Bast 3. Macro 
4- Osteo 
5. Astro 
Xylem > Phloem 
1. Tracheid 1. Sieve tube 
2. Trachea 2, Sieve cell 
3. xem fibre 3. Companion 
4, Xylem parenchyma cell 
A, Phloem fibre 
5. Phloem 
parenchyma 


411. COMPLEX TISSUE 3 


(a) Definition : Complex tissues are heterogeneous and are 
composed of different cell types. 


(b) Types of complex tissue 2 yylem and phloem are the 
complex tissues, which together from the vascular bundle. They 
are also called as vascular tissues, 


4'12. XYLEM 3 


(a) Definition è Xylem is a complex water conducting tissue in 
vascular plants. 

(b) Origin : The first formed primary xylem develops from the procambial 
strands of the apical meristem. The secondary xylem, which are formed 
during secondary growth originates from the vascular or fascicular cambium 
(lies in between xylem and phloem). 

(c) Types of xylem elements: (a) Tracheids (b) Xylem 
vessels or tracheae (Sing-trachea) (c) Xylem or wood fibres 
and (d) Xylem parenchyma. 


Protoxylem & Metaxylem: The first elements of the primary 
xylem to differentiate and become mature are known as protoxylem ; 
those which mature later are called metaxylem. 
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. Fig. 414, "Tracheids (A) with bordered pits. (B) with scalariform thicke- 
nings and (C) a portion of wall of B (magnified), 


1. Tracheids : 


(a) Definition: ‘Tracheids are elongated dead elements of 
xylem with pointed ends. 


(b) Structure : Tracheids are the fundamental or main types of 
cells forming the complex tissue xylem. It is an elongated struc- 
ture with tapering ends, When the cell attains maturity then it is 
without protoplast i.e, dead but in immature condition protoplast 
is present, The cavity or lumen is large andempty. The walls 
are hard, lignified with bordered pits. The cell wall thickening 
of tracheid may be annular, spiral, reticulate, scalarifrom or pitted. 
In transverse Section, a tracheid is more or less angular or polyhe- 


dral. Tracheids are connected With the adjoining cells through 
the pits. 


This predominant x 


ylem element is found to occur in the lower 
and ancient vascular pl 


ants and also fossilised seed plants. 
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(c) Distribution : This tissue occur both in the primary and 
secondary xylem of the vascular bundles of argiosperms, gymnos- 
perms (Except Gnetales) and in pteridophytes. 


gu—y 


NU 


i 


SA 
B c 


Fig. 415. Different types of thickening on walls of tracheids—(A) annular, 
(B) spiral (C) sealariform, (D) reticulate (E)simple pits and 
(F) bordered pits. 


(d) Functions $ 1. Conduction of water, 2. Mechanical support 
and 3. In some cases also stores water. 


2. Xylem vessels or traheae 3 


(a) Definition 3 Xylem vessels or tracheae are tube like dead 


xylem elements with large lumen and are generally perforated 
at the end walls. 


Perforation 


— ro mem 


B Us. a a f ; i 
A B c D E F 6 


Fig, 416. A-G Diagrammatic structure showing stages of development 
of the xylem vessel. : 
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de patie nee oe a ve -— 

eir end walls. Some 
times perforations 
may be formed on the 
side walls and those 
parts of the cell wall 
that bear perforations 
are known as perforas 
tion plates. A pet 
foration plate having 
a single pore is called 
a simple perforation 
plate, but when 
several rounded pores 
are present (€g. 
Ephedra) then it is 
called. multi perforate 
perforation plate. 
When several slit-like 
; openings are present 
At : in a row and looks 


B4 : : 

Fig. 417. Xylem WI Ld i CIS i 
cheae, Xylem parenchyma and hg fib is called scalariform 
ArDy T.S, of the above, "gr perforation plate. 
Sapete uus ub ob carcular pr 
culate tese Must which are called foraminate and reti" 
become jointed i fi ue to these perforations vessels member 
vessel or trach orm a series of tube like cells, termed a$ 
chea. A trachea is a continuous channel which 


develops by t ; 
end walls, y the partial or almost complete dissolution of the 


suni eH Wi are placed end to end, when the 

E ren SA ely absorbed, the true tube like vessels Of 
Cel i igni 

ls are thick and lignified. Total disintegration of the 


protoplast occu ; 
Head, rs at maturity, whereby the cells become ultimately 


cellulose. Different pat 
not uniformly thickened eg., 
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form or pitted types. 


xylem of nearly all angiosper 
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The lateral secondary walls of trachea are composed of lignified 
terns are noted as the secondary walls are 
annular, spiral, reticulate, scalari- 


(c) Distribution : Vessels occur in both secondary and primary 


ms (exceptions-some members of 


Magnoliales and Ranales), in Gnetales of. Gymnosperms and in 
Pteridium and Selaginella of Pteridophytes. 


(d) Functions : 1. Conduction of water and solutes and 2. Hard 
lignified cell wall gives mechanical support to some extent. 


Table 4'8 
Differences between tracheae and tracheid 


ee 


Tracheae 


i. 


2 


4 


Un 


Tubular cells 
pointed ends. 
Perforated end walls are 
present or absent entirely. 
Cells are arranged in 
longitudinal rows forming 


a continuous tube like 
series of cells. 

Cell walls provided 
mainly with bordered 
pits. 

The trachea which are 
continuous channels are 


efficient in the upward flow 
of sap. 


In flowering plants acts 
as the main conducting 
tissue. 


without 


l. 


3. 


4. 


. Pointed 


Tracheid 


a eas ES PE 
Tubular cells with poin- 


ted ends. 

end walls are 
present. 

Cells are arranged in 
longitudinal rows without 
forming a continuous 
tube. 

All types of ornamenta- 
tion are present over the 
cell walls. 


. The tracheids with intact 


end walls do offer lot of 
resistance to the upward 
flow of sap. 


In non flowering vascular 
plants acts as the main 
conducting tissue. 


EE EU. n Lepus 
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[heir walls are thickened as a result of lignin deposition. 


Pit aperture 
Pitchamber 


Fig. 418 A-Bordered pit B-Three dimensional figure C-in l,s. 
' wall thickening may be annular, spiral, scalariform, reticulate 
or pitted. The pits may be 
either simple or bordered. 
The first differentiable pri- 
mary elements of the xylem 
with lesser diameter are 
known as the protoxylem. 
Later on the diameter of 
the formed xylem vessels 
become larger and whose 


419. A-Simple pit B-Three dimen- lignifications are mainly 


sional figure C-in l.s, reticulate, pitted are termed 
metaxylem. This type of xylem matures later. 


Xylem fibres or Wood fibres : 


(a) Definition : Sclerenchyma fibres associated with the com- 
x tissue xylem are called xylem fibres or wood fibres. 

(b) Structure: These are fibre-like elongated dead cells with 
‘ified walls. Xylem fibres are of two types e.g. libriform fibres 
the fibre-tracheids. These two types of fibres generally remain 
rmixed with each other. Libriform fibres are narrow and 
vided with very thick secondary wall bearing simple pits. 
re-tracheids have bordered pits with cavities smaller than the 
cavities present over the tracheids or tracheae. 

c) Distribution: In woody dicotyledonous plants xylem or 
d fibres occur abundantly. 
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(d) Function: Their main function is to give mechanical 
support. 


4. Xylem parenchyma OF Wood parenchyma : 


(a) Definition: Those parenchyma cells which remain 8880-7 
ciated with xylem are called xylem parenchyma OT wood paren- 
ehyma. 

(b) Strueture : One of the important constituents of the xylem 
is the elongated living parenchyma cells attached end to end, in 
most plants. The cells may bethin or thick walled. The paren- 
chyma cells of the secondary xylem occasionally bears thick and 
lignified secondary walls. In this type the pit pairs in between the 
two parenchyma cells maybe bordered, half bordered or simple. 
Theseare the only living cells unlike tracheids, tracheae, and 
xylem fibres. 

In secondary xylem, two forms of parenchyma cells occur, e.g. 
(i) Axial parenchyma cells — Elongated parenchyma cells 
which occur in vertical series end to end, and (ii) Ray Or radial 
parenchyma celis—Cells occur in radial transverse series. 


(c) Distribution * Xylem parenchyma present in the primary and 
secondary xylem, They are also present in the secondary xylem, 
in the secondary medullary rays of dicotyledons and gymnosperms. 
Xylem parenchyma is absent in some gymnosperms like Pinus, 
Taxus, etc. 

(d) Funetion 2 

1. Acts as storage of food like starch, fatty foods and also- 
other matters like tannins and crystals. 

2. Helps in the water conduction and 

3. To some extent gives mechanical support. 


4'13 PHLOEM : 


(a) Definition: The complex food conducting tissue of vas- 
cular plants is called as phloem. 


(b) Structure 2 Like xylem, phloem is another complex. 
tissue. Phloem and xylem together forms the conducting system 
of vascular plants. Phloem usually composed of sieve tubes, 
companion cells, phloem parenchyma and phloem or bast fibres. 
Sclereids and various kinds of secretory cells are also found 
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present with phloem. In case of pteridophytes and many gymnos- 
perms phloem is composed of sieve cells and phloem parenchyma. 
In other gymnospermous plant phloem is composed of sieve’ 
cells, parenchyma and phloem parenchyma. 1n monocotyledons 
phloem is composed of only sieve tubes and companion cells but 
in case of dicotyledons all the four elements are present. 


(v) Distribution ? The primary phloem develops from the 
procambium of the apical meristem. The primary phloem is 
divided into protophloem which originates from the procambium 
in the early ontogenic stage and the metaphloem which also 
originates from the procambium but at a later ontogenetic stage. 


A. Sieve elements: Sieve tube and sieve cells together 
constitute sieve elements. These are highly specialised cells 
present in the phloem. Their main characteristics are the presence 
-of sieve areas in their walls and the absence of nuclei in the 
mature protoplasts of the cell. Sieve elements are elongated 
living cells with thin cellulose walls. Surrounding the large 
central vacuole a thin peripheral layer of cytoplasm is present 
which contains a few leucoplastids and scattered starch grains. 
From the point of development the sieve tubes are similar to vessel 
-and the sieve cells as a tracheid. 


- (1) Sieve tubes ¢ 


(a) Definition : Long tube like protoplasmic containing phloem 
-cells whose end walls are profusely perforated forming sieve 
plates are called sieve tubes. 


(b) Structure : The sieve tubes are slender, elongated tube like 
thin walled living cells. They are arranged in a longitudinal row 
whose end walls are perforated by a number of pores like a sicve. 
The perforated areas are called sieve area and that part of the 
wall bearing sieve areas between one sieve tube member and 
another is called a sieve plate. Through these pores protoplast of 
the adjacent sieve elements are connected by cytoplasmic strands, 
called connecting strand. Pores may arise in the side wall of the 
cell. Two types of sieve plates are generally recognised e.g., 

(i) Simols sieve plat» — Consisting of only one sieve area and 

' (ii) Compound sieve plate—Consisting of more than one 
sieve areas. 
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the deposition of colourless 
in soluble polysaccharide 
type of carbohydrate called 
callose. Callose forms a 
cap like mass or block the 
pore passage like à pad, 
on the sieve plate surface 
called callus pad or callus. 

A mature sieve tube, is 
without nucleus. But a 
conspicuous central vacuole 
is present, surrounding 
which lies a thin peripheral 
layer of cytoplasm con- 
taining scattered starch 
grains and a few leuco- 
plastids. The cell walls 


; Fig, 4.20. (A)-Philorm tissue in 18. 
are thin and composed of (B)-Phloem tissue in t.8. 


cellulose, Secondary wall does not form. 


1, Cells without nucleus—Sclerenchymay Tracheid, Tracheae and 
wood fibre of xylem and Sieve tubes of phloem. 
2. Simple mechanical tissues are collenchyma and sclerenchyma, 
complex mechanical tissue is xylem. 
© 8, Vascular tissues are xylem and phloem, which are concerned |. 
with transport, 


4. Vessels and tracheids of xylem conduct water and mineral salts 
from the root region to the leaves. 

5. Living sieve tubes of phloem tissue translocate food materials |. 
from the leaves to other parts of the plant body. 


Individually distinct slime bodies are present within the cells. 
Slime is a protein like substance which also pass through the pores 
in the adjoining cells Fig. 4:12. 


(c) Distribution : Sieve tubes are associated with the phloem 
of angiosperms. 
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(d) Funetion : (i) Conduction of food matters eg. carbohydrates, 
proteins, etc. from the leaves to the different parts of the plant 
body. (ii) Storage of prepared food matters. 

2. Sieve cells = 


(a) Definition :—Elongated narrow tracheid like phloem cells 
with unspecialised sieve areas are called sieve cells. 

(b) Structure : Sieve cells are narrow single, somewhat elonga- 
ted cells with more or less tapering ends. Sieve cells possess 
relatively unspecialised sieve areas in their lateral and sometimes 
in their terminal walls. Sieve areas are generally provided with 


Sieve plate 


Fig, 4'11.;Different types Fig. 412. Diagram of a single Fig, 4:13, Sieve cell 
of phloem fibres in Ls. sieve tube with companion (above) in ].s.,Sieve 
and t.s. cells, cell in t.s. (below) 
—Sectional view. 

narrow pores and thin connecting strands. Sieve cells are not 
aggregated in sieve plates. The protoplasm of the cell lies 
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surrounding the vacuole as a thin layer and it contains starch 
grains and leucoplastids. The cell wall is made up of only 
cellulose. 

(c) Distribution : Sieve cell occurs in gymnosperms and pteri- 
dophytes. 

(d) Function : 1. Their main function is the conduction of food 
matters like carbohydrates, proteins, etc. from the leaves to the 
different regions of the plant body. 2. Storage of prepared food 
matters. 

B. Companion cell : 

(a) Definition : A smal! specialised parenchyma cell of the 
phloem connected with a member of the sieve tube is called 
Companion Cell. 

Origin: In development, it is sister to the sieve tube cell. Like sieve 
tube element thy arise from the same mother cell 

(c) Structure: Companion cells are specialised parenchyma 
cells which are closely associated with the sieve tube elements. They 
are elongated, having abundant granular cytoplasm and prominant 
nuclei which are retained throughout the life of the cells. In 
transverse section, companion cells appear triangular, round or 
rectangular in shape. Companion cells contains some protein 
matter but starch grains are absent. The cell wall is made up of 
cellulose only. 

(d) Distribution s Companion cells are present in all angiosper- 
mic plants excepting some primitive woody dicotyledons, gymnos- 
perms and pteridophytes. In gymnosperms and pteridophytes, 
some parenchyma cells are present associated with sieve cells, 
called albuminous cells, similar to the companion cells in their 
physiologic relation to the sieve elements. 

(e) Functions The companion cells and other nucleate cells 
probably form with the sieve elements a complex functional system 
for the transport of solutes. The companion cells and sieve pees. 
are functionally associated. 


C. Phloem fibre or bast fibre $ 


(a) Definition s Sclerenchyma fibres associated with the 
complex tissue phloem are called phloem fibre or bast fibre. 

(b) Structure : Phloem fibres are nonliving elongated thick 
walled, lignified cells with overlapping interlocked ends. The 
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thick secondary walls are provided with simple or slightly bor- 
dered pits. Phloem fibres are septate in some plants like Vitis. 


(c) Distribution : In some angiosperms, phloem fibres may be 
present in both primary and secondary phloem. 
Table 4*9 
Differences between Simple and Complex permanent tissues 
abito — 


Simple tissue 


1. 


2. 
3 


> 


5 


6 


Composed of only one 


type of cell. ` 
Homogeneous. 
Examples of simple tissue 
—parenchyma, collen- 


chyma & sclerenchyma. 
Cells are present in every 


place of the plant body. 


Parenchyma and collen- 
chyma cells possess pho- 
tosynthetic function. 
Cells have no function in 
the upward conduction 
of water and mineral 
salts and translocation of 
food matters. 


7. Cells does not possess 


7. 


- Composed 


Complex tissue 


of different 
types of cell. 


. Heterogeneous. 
. Examples of 


complex 
tissue-Xylem and Phloem. 


Cells are restricted with- 
the vascular bundle. 
Cells does not posssess 
photosynthetic function. 


Celis function in the 
upward conduction of 
water and mineral salts 
and translocation of food 
matters. 

Cells possess pore at the 


pore at the end walls. end walls. 


1. 


2. 


Table 4*10 


Differences between Xylem and Phloem 


ESUT het EE BT SS 5 LUD Ea SEVER t Sid tense A o NR DINE TUE HEP lad 


Xylem 


Complex dead permanent 


tissue. 

Xylem composed of the 
following cell elements- 
Tracheid, Trachea, Xylem 
parenchyma and Xylem or 
Wood fibre. 


1. 


Phloem 


Complex living perman- 


ent tissue. 


Phloem composed of the 
following cell elements- 
Sieve tubes, Companion 
cell, Phloem parenchyma 
and Phloem or Bast fibre. 
In some cases sieve cells 
are present. 


Bo Bet S i ltt 
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(Cont.) Table 4°10 


Xylem Phloem 
3. Allthe cell elements are 3. Allthe cell elements are 
dead except xylem paren- living except phloem or 
chyma. bast fibre. 
4. Cell wall thick and ligni- . Cell wall thin, composed 
fied. ofcellulose but the cell 
wall of phloem or bast 
fibre is thick due to the 
deposition of lignin. 
5. Different cellwall thick- . Cellwall thickenings not 
enings are. found like— found. 
annular, spiral, scalari- 
form, reticulate, pitted, 
etc. d 
6. Functions ;?— . Functions 2— ) 
Conduction of water and Conduction of food 
solutes ; mechanical matters like  carbohy- 
support and in some cases drates, proteins, etc. from 
water storage. the leaves to the different 
regions of the plant body 
and storage of prepared 


food matters. 


NE sut Codes En DS ee ae 


They are generally absent in the phloem of some pterido- 
phytes and spermatophytes. 
(d) Function : The phloem fibres may be taken into consideration 
that they play a role in the translocation of materials in addition 
to mechanical support. 


<D. Phloem parenchyma : 
(a) Definition * The elongated vertical parenchyma cells other 
than companion cells, found lying associated with the sieve 


elements, are called phloem parenchyma. 
Origin : 


` Bio-16 


Phloem parenchyma cells originate from the procambium, 
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(c) Structure : These are elongated living parenchyma cells with 
thin cellulose cell wall. On the primary walls primary pit fields are 
present, The cells have vacuolated granular protoplasm with 
many nuclei. Phloem parenchyma cells contain various ergastie 
substances like starch, tannins, resins, mucilage etc. 

Parenchyma cells occur in two forms in the secondary 
phloem eg., (i) Axial parenchyma—Cells vertically arranged and 
(ii) Ray parenehyma-— Cells horizontally arranged. 

(d) Distribution : Phelom parenchyma present in the phloem of 
pteridophytes, gymnosperms and dicotyledonous plants. In mono- 
cotyledonous plants phloem parenchyma is absent in the phloem. 

(d) Function? 1. Conduction of sugars and readily diffusible 
proteins from one part of theplant to another. 2. Storage of organie 
food matters. 


Table 4*11 
Differences between Tracheae and Sieve tube 
Tracheae Sieve tube 

1. Xylem element. 1. Phloem element. 

2. Dead cells. 2. Living cells. 

3, Cell wall thick and ligni- 3. Cell wall thin and made 
fied. up of cellulose. 

4. Single pore. present on 4. Many pores are present 
the end wall. on the end wall. 

5. No cytoplasmic connec- 5. Cytoplasmic connection 
tion exists in between the exists in between the 
cells. cells. 

6. Nocallus formation over 6. Callus formation over the 
the end pores. end pores, whereby they 

become closed. 

7, Conduction of water and 7. Conduction ^ of ^ food 
mineralsalts takes place matter takes place in 


in one direction. bothways. 


TISSUE 243 


Chart showing different types of tissues. 
5 ome 


| 1 
Meristematie Tissue Permanent Tissue 


l [ 
Simple eic 


| [ursa 252008 38:24] LSU ase LET 
Parenchyma Collenchyma Sclerenchyma Xylem Phloem 
l 


(a) Chlorenchyma (a) Angular (a) Tracheid i Bieve tube 


b) Bieve cell 


MI Aerenchyma (b) Lacunate (b) Tracheae or [ 
(e) Idioblasts (c) Lamellar Vessels (c) Companion 
(c) Xylem fibre cell 
| or Wood fibre (d) Phloem 
Sclerenchyma Fibre Sclereids (d) Xylem paren- parenchyma 
la) Wood fibre (a) Brachy chymaor (e) Phloem 
(b) Bast fibre (b) Macro wood paren- fibre or 
(c) Osteo chyma bast fibre 
(d) Astro À 
SUMMARY 


Tissue is a group of cells having a common origin and function. - Plant 
tissue whose cells have the power of division is called meristematic tissue or 
meristem. Their cell walls are thin and made up of cellulose without in- 
tercellular spaces. Those tissue which have no normal capacity to divide is 
salled permanent tissue, 

Permanent tissue having similar types of cells structurally and functiona- 
ily is called simple tissue. The simple tissues are parenchyma (living cells), 
Collenchyma (living cells) and sclerenchyma (dead cells), Permanent tissue 
having dissimilar (heterogenous) types of cells which difer from each other 
structurally is called a complex tissue. Xylem and phloem are the complex 
permanent tissues. ‘ ; 

'The xylem tissue is composed of four kinds of elements like Tracheids, - 
Trachea or vessels, Xylem fibres or wood fibres and Xylem parenchyma. 


The phloem tissue is composed of four kinds of elements like Sieve tube, 
Companion cell, Phloem fibres or bast fibres and Phloem parenchyma, 

Sieve cells, is an element of phloem are found to occur in pteridophytes 
and gymnosperms. ` 
^ The function of the xylem is to conduct water and dissolved mineral salts 
in one way. The function of the phloem is to conduct organic food matters 
in both ways. 
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THINGS TO REMEMBER 


An organised group of cells having common function and origin is 


called a tissue. 


2." 


Those tissue which have the power of cell division, is called meristem 


or meristematic tissue, 


3, 
organs, 
4. 
5. 


m 
ve 


Meristematie tissues are distributed at the tips of growing plan! 


Cells derived from promeristem are termed as primary meristem. 
Meristem originates from the living permanent tissue is termed as 
secondary meristem, 

‘Those tissue which have no power of division, is called permanent 
tissue, 

Collection of similar permanent tissues is called simple tissue. 

Simple tissues are parenchyma, collenchyma and sclerenchyma. 

Thin walled living isodiametric cells with intercellular spaces ate 
parenchyma cells, 

Chloroplast containing parenchyma cells are called chlorenchyms 
which are photosynthetic in function. 

Parenchyma cells with fairly large air-cavities are called aerenchyma. 
Two types of parenchyma cells are found in secondary phloem eg. 
Axial parenchyma and Ray parenchyma. 

Specialised parenchyma cells storing oils, tannins, crystals of calcium 
oxalate are termed as Idioblasts. 

Unevenly thick-walled living permanent cells are collenchyma. 
Collenchyma are of three types-(i) angular (ii) Lacunate and 
(iii) Lamellar. 

With evenly thick-walled, lignified non-living permanent cells ate 
selerenchyma. | 

Elongated narrow cells usually with pointed ends are called scleren- 
chyma fibres, 

Sclerenchyma fibres are of two types—Intraxylary or wood fibres 
and Extraxylary or bast fibres. 

Fibres associated with xylem and phloem are called Intraxylaty, 
fibres (wood fibres) and Extraxylary fibres (Bast fibres) recpectivelys . 
Intraxylary fibres are provided with bordered, pits and are of tw? 
types —Libriform fibres and Fibre-tracheids. 

Short specialised lignified sclerenchyma cells are called m or 
sclerotic cells, Types of sclereids are Brachy sclereids (stone cells)» 
Macrosclereids, Osteosclereids and Astrosclereids. 

The examples of complex tissues are—xylem and phloem, which 
together constitute a vascular bundle. 

There are four kinds of xylem elements like tracheids, tracheac oF 
vessels, xylem (wood) pareüchyma and xylem (wood) fibre. Anothet 
name of xylem is wood, 
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Tracheids are elongated thick-walled lignified dead xylary cells with 
pointed ends, j 
Tracheae or vessels are long tube like dead xylary cells with large 
body cavity and without end walls. 
` Xylem parenchyma or wood parenchyma are elongated living paren- 
chyma cells which remain associated with xylem, haying simple pits 
on their walls. ig 
The functions of xylem is to conduct water and solutes and to give 
mechanical support. 
Phloem tissuc is composed of. sieve tubes, companion cells, phloem 
parenchyma and phloem or past fibres. Phloem consists of seive 
cells and phloem parenchyma only in many gymnosperms and 
pteridophytes. 
Al the phloem elements are living except the phloem fibre or bast 
fibre, which are non-living. X 
All the xylem elements are non-living except the xylem or wood 
. parenchyme, which are living. 
Jute fibre is a bast fibre of secondary phloem, 
Sieve tubes are living tubular cells whose perforated end walls are 
called sieve plates. Sieve tubes and sieve cells together form the sieve 
elements of phloem. 
Sieve tubes of phloem tissue are living cells without nucleus: 
Sieve cells are elongated living phloem cells, without sieve areas. 
Through the sieve pores of sieve tubes protoplast of adjoining sieve 
elements are connected by cytoplasmic strands, 
Function of phloem is to conduct food matters like carbohydrates, 
proteins ete, from leaves to the different regions of the plant body and 
also storage of prepared food matters. : 


ADATTA TUSCE 
4'15. TYPES OF ANIMAL TISSUES 2 


The following are the elementary tissues of which the animal 
body including human body is made up 3 

(1) Epithelial tissue or epithelium or integumentary tissue, 

(2) Connective tissue or tissue of internal enviornn ent 

(3) Muscular tissue and. 

(4) Nervous tissue. 


4'16. EPITHELIAL TISSUE (Epithelium) : 


(a) Definition: The tissue which forms a limiting and @ 
lining membrane (epithelial membrane) and covers the free 
Surface of an organ is known as epithelial tissue or epithelium: 
(b) Characteristic features of epithelial tissue : 


(i) Presence of basment membrane on which the epithelial 
cells are set, 


(ii) Presence of minimum amount of intracellular substance 
as the cells are closely packed together. 

(iii) Cells are arranged either in single or in multiple layers. 

(iv) It forms a limiting and lining membrane and as such, 
covers the free surface of the organs. 


Cell membranes of adjacent cells 


(v) Absence of blood 
Cyloplasm of epithelial Cell 
Basal 


vessels in the epithelium. 
Basement membrane: It is ^ 


condensed connective tissue mem- 
brane which make the base (hence 
basement membrane) for the epi- 
thelial cells and intervenes 
between epithelial cells and sub- 
epithelial loose connective tissue, 

(c) Functions of epi- 
Fig.422, Diagram showing basement thelial tissue: Epithelial 
membrane with adjoining epithelial cells tissue maintain the following 
functions, (1) Covering, (2) ` Protection, (3) Secretion, (4) BK- 
cretion and (5) Absorption. 
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(d) Classification of epithelial tissue : According to the 
fanctions, the epithelial tissues are mainly classified into two 
groups. Each group is again subdivided as follows : 


Epithelial cell (Epithelium) 


i | | 
Surface Protective epithelium Glandular epithelium 
| Ee ae 
impli epithelium Compound epithelium 
(arranged in one layer) (arranged in more than one layer) 
J. Simple squamous epithelium 1, Transitional epithelium 
2, Simple cubical epithelium 2, Stratified squamous epithelium 
3. Simple columnar epithelium (a) » » cornified. 
4, Simple ciliated epithelium (b) » » non-cornified , 


3. Stratified cubical epithelium 

4, Stratified columnar epithelium 

4. Stratified columnar ciliated 
epithelium, 


4°17. Simple epithelium : 


The epithelial cells when arranged in one layer in called 
simple epithelium. 


Fig, 4-23. Different types of epithelial tissues (cells), 1-Squamous, 
2-Cubical, 3-Columnar (striated), 4-Columnar (ciliated), 
5-Pseudostratified, 6-transitional and 7.-stratified. 

1. Simple Squamous (Pavement) epithelium $ 


(a) Structure + It is composed of single layer of flattened . 
cells of different shapes, usually polygonal, and of varying size. 
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. These cells fit together by their edges like the tiles of a mosaic 
pavement. The nucleus generally flattened, but may be spheroidal 


A aa nein 


Fig. 4:24, Simple squamous (Pavement) epithelium A-surface view, B-Three 
dimensional view. 


(b) Distribution: This kind of epithelium forms the lining 
of (i) the alveoli of lungs, (ii) Bowman’s capsule and Henle’s loop 


of nephron, (iii) the inner lining of the heart (endocardium) and 
blood vessels (endothelium). 


(c) Funetions : (i) Protective, (ii) Filtering and dialysing 
functions (iii) Helps easy passage of liquids and gases, 


2. Simple Cubical (Cuboidal) epithelium 2 


(a) Structure: It is composed of single layer of cubical cells - 
having same dimensions on each side. The cell adhere to one 
another by their lateral surfaces. 
The nucleus is spherical. On 
the free surface, this epithelium 
appears as mosaic of small, 
usually hexagonal polygons. 

(b) Distribution ¢ Cubical 
epithelium is present in the 
(i) germinal epithelium of ovary, 


Fig- 4:25, Cubical epithelium, 


(ii) on the thyroid follicles, (iii) in the excretory ducts of many 
glands, (iv) small -terminal bronchioles and (V) proximal con- 
voluted tubules of nephron. 


(c) Functions ¢ (i) protective, (ii) secretory and (iii) germina- 
tive (as in ovary). s 
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3. Simple columnar epithelium (cylindrical epithe lium) $ 


(a) Structure : lt is composed of single layer of tall (cylindrical) 
«cells situated on the basement membrane. The height of the cell is 
more than its width. The nucleus is elongated or oval shaped and 
is situated nearer to the base. The 
“free surface of some columnar cells 
(as in small intestine) are seen 
4o be vertically striated. These 
‘striations look like . brush 
border and known as microvilli. 
The free surfaces of the cells 
appear as small polygons, In 
<some places (as in large intestine), 
-the columnar cells are modified into 
-flask-shaped mucus secreting cells, Fix, 426, Columnar epithelium. 
known as goblet cells. 

(b). Distribution : (i) The mucous layer of the gastrointestinal 
(stomach and intestine) tract are covered by columnar epithelium, 
(ii) mucous membrane of the gall bladder, (iii) greater part of the 
male urethra, the vas deferens and duct of postrate, (iv) the large 
¿duct of salivary gland. E 

(c) Functions: (i) Absorption, (ii) Secretion, etc. 

Pseudostratified columnar epithelium : The columnar cells are arranged in 
two layers, All the cells touch the basment membrane but all of them do not 
reach the surface, because the deeper cells are shorter in length. This type of 
epithelium occurs in large excretory ducts of 

several glands such as parotid and in the 
male urethra. 


4. Giliated epithelium : 


` (a) Structure : The cells of this 
epithelium are generally columnar in 
shape but sometimes it may becubical. 
The free surface has got 20-30 eye- 
ee lashes (hair-like) like processes. They 
Fis. 427. Ciliated cells are known as cilia (sing, cilium’. 
showing different parts. The border of the cell contain 
a row of. particles known as basal particles. From each basa 
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particle a cilium projects from free surface and longitudinal 
filaments called rootlets. It penetrate through the cell substance 
and converge to a point close to the fixed end. 


(b) Distribution : (i) Respiratory tract (part of pharynx, 
trachea, bronchioles) (ii) Uterus and fallopian tube, (iii) Ventri- 
cles (cavity) of brain and central canal of spinal cord, (iv) 
Efferent tubule of testis. 


(c) Functions: The main function of cilia is to move perma- 
nently so long as the cell is living. By this movement ciliated 
epithelium maintains following functions—(i) Protection : Cilia 
move in one direction only carrying suspended particles, foreign 
bodies, mucus, liquids or other substances. (ii) Transport: In 
the fallopian tube it carries the ovum to the uterus. (iii) C'reula- 
tion: The circulation of cerebrospinal fluid (CSF) in ventricles. 


of brain and central canal of spinal cord takes place with the help 
of ciliated epithelium. 


Pseudo stratified columnar ciliated epithelium: It is exactly same as 

pseudo-stratified columnar 
Nucleus epithelium except that the 
free surface of thecell is provi- 
ded with motile or non-motile 
cilia, It is found inthe greater 
Membrane Part of the mucous mem- 


FZ ometi brane of respiratory passage 
- issue 


pa SSS in the eustachian tube of 
Fi". 428. Pseudo-stratified columnar ciliated Middle ear, in the laery- 
epithelium mal sac of eye, ete. 


4°18. Compound epithelium : 


The epithelial cells when arrenged in two or more layers on. 
the basement membrane are called compound epithelium. The 
innermost layer of cells come in contact with the basment mem- 
brane. Compound epithelium is of the following types s 


1. Transitional epithelium 2 (a) Strveture: This was 
originally supposed to represent transition i.e., in between the 
stratified squamous non-cornified and stratified columnar epi- 
thelium. It consists of three or four layers of cells... The cells 
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of the most superficial layer are large qudrilateral flattened cells- 
They have a convex free surface f Btn cade wilt 

round the depression on their cells Superticial layer 

under surfaces to fit on to the e 
rounded ends of the second 
layer. The cells of second 
layer are pear-shaped and is 
known as pyriform cells. 
The next one or two layers 
consist of small polyhedral 
cells present in between the 
pointed ends of the pyriform 
cells. 


Fig, 429, Transition epithelium. 


(b) Distribution: This epithelium occurs in (i) Pelvis of 
the kidney, (ii) Ureters,. (iii) Urinary bladder and (iv) Upper part 
of the urethra. 


(c) Functions: (i) Protective and (ii) Prevent reabsorption 
of excreted materiz l (urine) to the system. 


2. Stratified Squamous epithelium: It consists of several 
layers of cells which are different shapes. The more superficial layer 
is of flattened scale-like cells. The deeper layer of the cell vary 
from cubical to columnar. The cells remain adjacent to the base- 
ment membrane show considerable irregularity. According to the 


nature of the free surface, the stratified squamous epithelium is 
of two types ; : 


(i) Stratified squamous cornified epithelium : (a) Structure : 
When the superficial cell layer of stratified squamous epithelial 
tissue is dry and undergo a transformation into a tough, resistant, 
dead horny nature due to deposition of Keratin is known as strati- 
fied squamous cornified keratinizing) epithelium. 

(b) Distribution: Skin, hair, nails, horns, enamel of 
teeth, etc. 

(c) Functions : Due to the presence of keratin, it performs the 
following functions : (i) It is resistant to friction, (ii) It is relatively: 
inpervious to bacterial invasion, (iii) It acts as waterproof, (iv) It 
prevents drying up of underlying cells. 
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. (ii) Stratified non-cornified epithelium: (a) Structures 
Non-Keratinising 


Keratinising 


Fig, 4:30. Compound epithelium— A-Stratified squamous, cornified 
B-Stratified squamous non-cornified. 
The superficial scale like cells are moist and is not keratinised and 
thus it is known as non-cornifid (non-keratinising) epithelium. 

(b) Distribution: Vagina, female urethra, oesophagus, epi- 

glottis, cornea, a part of conjunctiva, etc. 
(c) Fenetions: It affords mechanical protection. 

3. Stratified cubical epithelium ; (a) Structure : It is com- 
posed of two or more layers of cubical cells. The superficial 
layer orlayers are smaller cubical (as seen in cross section) than 
those of the basal layers. 

(b) Distribution: It is found only in the duct of sweat gland. 

(c) Functions: Protection and Secretion. 

4. Stratified columnar epithelium : (a) Structure : It consist 
of several layers of cells. The deeper layer (or layers) consists 


Fig: 431, Stratified columnar epithelium Fig. 4°32, Stratified Columnar 
(arranged on free surface), Am (arrznzed on tbe 
sement membrane, i 
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of small, irregularly polyhedral or fusiform cells. Only the cells 
of the superficial layer are of the tall columnar type. 


(b) Distribution : It is found only in male urethra, in some 
excerletory ducts, some parts of pharynx, epiglottis, anal mucous. 

(c) . Functions * It affords mechanical protection and helps 
jn secretion. . 

4. Stratified columnar ciliated epithelium : (a) Structure : The 
cells are arranged as in the preceding type. The free surface 
of superficial columnar cells are provided with cilia. 

(b) Distribution : It is found only in the upper surface of 
the soft palate, some parts of larynx, etc. 

(c) Functions + Protection and transport. 


4.19. Glanduler epithelium. 


(a) Definition : The mass28 of secretory epithelial calls present 
in the different glands of the body: are collectively known as 
glandular epithelium. : 

(b) Origin: During embryonic development of the foetus, the 
secretory cell develops from the disintigrated cuboididal or 
columnar epithelium. 


(c) Classification $ Glands are classified as follows $ 

1. According to the presence of number of cells ia the glends : 
Glands are divided into two 
main groups, unicellular gland 
and multicellular glands. 

(i) Uniceliular glands * In 
mammals practically the only 
type of unicellular gland is 
the mucous or goblet cell. 
Which secret mucin (mucus). 
These goblet cells are found 
io remain scattered among Fig. 4'33. Unicellular goblet cells with- 
the columnar epithelial cells in columnar cpithelium. 
of many mucous membrane. 


(ii) Multieellular glands : The gland made up of many cells is 
known as multicellular gland. The secretion of these glands 
reach the free surface either directly or through excretory ducts. 
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II. According to mode of secretion : Glands may be divided 
into exocrine and endocrine types. Exocrine gland: It is also 
known as ductgland. It secrets materials into ducts leading toa 
‘specific compartment or surface such as the lumen of gastroin- 


Blood flow —Endocrine gland 


Exocrine gland 


Fig. 4°34, Diagrammatic structure showing exocrine (left ) and 
eudocrine (right) glands and the blood flow through them. 


testinal tract or the skin surface. Endocrine gland (ductless 
gland): Ithas no ducts and secretes material into the blood 
stream more precisely, into the extracellular space around the 
gland cell, from which the secretion diffuses into capillaries. 


III. According to the structure of ducts and alveoli ¢ Exocrine 
multicellular glands may be simple (Fig. 4:35 A-B) or compound 
depending on whether the ducts carrying the secretion to the 
surface is branched or unbranched. 


(a) The simple exocrine glands 3 They constist of a secretory 
cells connected to the surface epithelium directly or by an 
unbranched duct. The simple glands of man are of the following 
types. 

1. Simple tubular gland: The terminal portion is straight, 
(Fig. 4:17A) e.g.,— intestinal glands (crypts of Lieberkuhn). 

2. Simple coiled tubular gland: The terminal portion is a 
long coiled tubule which passes into a long excretory "— 
(Fig. 4°17B) e.g,—sweat gland. 
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3. Simple branched tubular glands: The tubules of the 
terminal portion are split fork like into two or more branches 


Fig, 4°35. Different types (according to structure) of glands A-simple 
tubular, B-simple coiled tubular, C-simple branched tubular, 
D-simple saccular, E-simple branched saccular and F-Com- 
pound saccular, 


which sometimes coiled near their ends, (Fig. 4:17C) e.g,—glands 
of stomach, uterus, Brunner glands, etc. 

4. Simple branched acinous or saccular gland: If the 
terminal portion has the form of a spherical or elongated sac, 
the gland is called acinous or alveolar. If only one acinus is 
present with one excretory duct, it isa simple acinous gland 
(Fig. 4:17D) e.g,—the mucus gland of the frog’s skin (it is not 
found in mammals). If several acini are arranged along a duct, 
itform a simple branched acinous gland, (Fig. 4'178) e.g.,— 
sebaecous glands of the skin. 


(b) Compound exocrine glands : A compound gland consists of 
many lobes. Each lobe made up of many lobules which contain 
glandular units. Compound gland of two types (based on the form 
of the terminal portions). 

1. Compound tubular gland : The terminal portions of the 
smallest lobules are more or less: coiled and usually branching 
tubules, e.g.,—glands of the oral cavity, some glands of the 
stomach, Brunner’s gland of the intestine, etc. 

2. Compound acinous or alveolar gland: The terminal 
portions are supposed to have the form of oval or spherical sacs, 
eg.- most of the layers of exocrine glands such as glands of the 
oral cavity and respiratory passage and pancreas. 
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III. According to nature of secretion : Compound exocrine 
glands are also occasionally subdivided into mucous, serous or 
mixed types. 


Fig, 4°36 Different types (according to nature of secretion) of glands 
A-Holocrine, B-Apocrine, C-Merocrine. 


IV. According to the manner in which their secretory 
products are discharged : The glands may be divided into three: 
types. 

1. Holocrine gland : In some glands, the entire secretory cell,.. 
having formed and accumulated secretory products within its. 
cytoplasm, dies, disintigrates, and is discharged from the gland as 
the secretion. Such a gland, where the entire cell is secreted is- 
called holocrine, (Fig. 4:18A) e.g., sebaceous gland. 


2. Apoerine glands The secretory products accumulate at 
free surface. It then discharges its secretion by rupturing the free 
' surface of the cell. After a recovery period, the cell again recharge 


to repeat the same cycle, (Fig. 4:18B) e.g.,—mammary glands- 
apocrine sweat gland, etc. 


3. Merocrine gland: The majority of glands are of the mero- 
crine type whose secretory product is formed in and discharged 
from the cell without the loss of any cytoplasm, (Fig. 4:18C) 
e-g-,—Salivary gland and pancreatic gland. 


4'00. CONNECTIVE TISSUE : 


Definition: All those tissues of the body which derived from 
the mesencbym? and they form the basis of conneetion between 
cells and tissues or supporting the functionally active structure . 
are known as connective or mesenchymal tissue. 

Early, during embryological development the ectoderm and 
endoderm become separated by the third germ layer mesoderm. 
The tissue formed by the cells of mesoderm is known as mesen- 
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chyme (mesor, middle ; enchyma, influsion). Connective tissue 
is the most widely distributed tissue in our body. 


(b) General features of connective tissue $ 

(i) Usually no basement membrane is present. 

(ii) Presence of maximum amount of intercellular substance 
in contrast to scanty and sparse cells. 

(iii) As the intracellular substance forms the main bulk, the 


cells are either obscured or they are scattered wide apart from one 
another. 


(iv) The intercellular substance (matrix) contain different types 
of cells and fibrous elements. 
(v) Connective tissue develop from the mesoderm. 


4.21. General structure of connective tissue : 

This type of tissue is made up of the connective tissue cells 
the intracellular substance and ground substances. 

A. The connective tissue cells: Two types—local or histo- 
genous cells and migrated or haematogenous cells. 

I. Local (Histogenous) cells Occasionally following types of 
local connective cells are found. 

1. Fibroblasts 3 These cells are long, flat, star-shaped body 
with large oval nucleus. The cell sends out several spear-shaped 
processes which end with one or several points. Cell contain clear 
cytoplasm except a few fat globules, no other intracellular inclu- 


sions are found. 


Functions—(a) Fibroblast, as their name suggests, are con- 
sidered to be responsible for the formation of the fibres, and - 
intercellular substances. (b) It 
takes a great part in replacement 
fibrosis during repair of inflamma- 
tion. 


2. Histiocytes or macrophages 2 
They are irregular phagocytic cells 
occur singly or in small groups. , 
The nucleus is avoid. They are Fibroblast 
nonmotile but are seen to acquire fig. 437. The connective tissue 
amoeboid movements under certain cells. E 
stimulus, thus they are known as resting wandering cells. 


Bio-17 
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Functions—Histiocytes are phagocytic cells which play a 
defensive role against noxious substances and organism during 
infection. 

3. Plasma cells: They are round cells with round or oval 
eccentric nucleus. Within 
the nucleus chromatin 
are arranged radially so 
as to resemble a cart- 
wheel. The cytoplasm 
contains a clear, roun- 
ded area and an exten- 
sive endoplasmic  reti- 


wid e 
fien PlasmaCell PEEP Pigment Cell 


Fig. 4'38. The connective tissue cells. culum. These cells bear | 
a resemblance to lymphocytes. 

Funetions — It has role on synthesis of r-globulin. 

4. Pigment cells à These are small branched cells. The 
cytoplasm cell contain melanin pigments. These cells are found in 
the skin, piamater, choroid layer of the eye, etc. 

Function s To synthesise the melanin pigments. 

5. Mast cells: They are irregularly oval shaped cells with 
short pseudopodia and coarse granular cytoplasm. The nucleus im 
each cell is round or oval. 


E a 3 
HET ARM uw 
Mast Cell £^  Mesenchyme cell 
Fig. 4-39 A connective tissue cell, Fig, 4 40, A connective tissue cell. 


Functions—Mast: ¿cells are thought to produce (a) an 
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anticoagulant substance known as heparin, (b) histamin, 
an allergy causing substance. (c) Serotonin, a vasoconstrictor. 


6. Mesenchymal e»lls These are the cells of unspecialized 
connective tissue of the early weaks of embryonic life. The cells 
are branched type of stellate cells with protoplasmic processes 


Falless Cell Nucleus 


which become continuous with the 
similar processes of adjacent 
cells so that a cellular syncytium 
is formed. 

7. Fatcells: These are small 
oval shaped cells occur singly or in 
clumps. Each fat cell contains a 
single large droplet of oil (fat), and 
thin rim of cytoplasm which con- 


tains a flattened nucleus at one side. * Fat filled Cells 
The adipose tissue is mainly com- Fig. 4-41, Adipose tissue showing 
posed of fat cells. fat filled or fatless cells. 


Function: The main function is to store fat in the cells. 


II. Migrated (Haematogenous) Celis: In healthy condition 
the lymphocyte and eosinophils of circulating white blood cor- 
puscle (W.B.C.) are found in small number in connective tissue, 
But the number increases greatly particularly in chronic 
inflammatory and allergic conditions. 


B. The intercellular substance: It is nonliving and form 
the tissue matrix in which cells live. It provides the strength and 
support to the tissues and acts as a medium for the diffusion of 
tissue fluid between blood capillaries and cells to permit cellular 
metabolism. There are two main types of intercellular substances 
fibrous (formed) and amorphous (non-formed). Formed substance 
includes three types of fibres, collagenous, reticular and elastic. 
The amorphous includes soft ground substance and firmer cement 
substance. 


(i) Collagenous fibre (white fibrous tissue) : Structure: lt 
is made up of shining white fibre (Fig. 4°23). Each fibre is a long 
straight or wavy thread with variable thickness and exhibits 
longitudinal striation. Each fibre is made up of parallel arranged 
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Fig, 4'42, Bundle of collagen fibres Fig, 443 White fibrous tissue. 
showing unit fibrils, 


many unbranched fibrils. But fibres frequentlly are seen 4 
branched owing to the interchange of clusters of fibrils betweet 
one fibre and another (Fig. 4°24) The fibrils is made up of 
protein called tropocollagen (collagen). 

Distribution : It is present in tendons, ligaments, aponeurosis, 
fibrous covering of the organs, articulate capsule, dura mater, etc. 

Functions: Collagenous fibres connect different tissue and 
different parts of the body to afford mechanical protection against 
stretch and pressure. i 

(ii) Elastic fibres (yellow elastic fibre): Structure : Elastic 
fibres are thin highly refractile, cylindrical threads which branch 

- and anastomose freely. In frest 

state elastic tissue in bulk has 9 
yellowish colour in the adult. 
Hence these are also known 8* 
yellow elastic fibre. Fibres ate 
oad composed of albuminoid elasti 

Fig, 4'44, Yellow elastic tissue, Which shows a remarkable resit 

tance to most agents. 

Distribution: It is found in many ligaments, in the walls of 
larynx, bronchi and lungs, wall of arteries, fibrocartilage, etc. 

Functions! The function of eleastic tissue is always due to 
its strength, extensibility and elastic recoil. In the form of 
ligaments it holds the connected parts firmly together. In blood 
vessels it prevents excessive dilatation and by its elastic recoi! 
serves to maintain blood circulation and blood pressure. 


(iii) Reticular fibres : Structure $ These are fine elastic branch- 
ing fibres which frequently form into a network or reticulum. 
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Distribution: They occur as fine networks around small 
blood vessels, muscle fibres, nerve fibres, fat cells, beneath the 
epithelial membrane, lymph nodes, liver, spleen, bone marrow and 
many other organs. 


Funetions : Support & protection. 


Table 4°12 
Differences between white fibrous and yellow elastic tissues 


white fibre yellow fibre 

l. Made up of shining colla- 1. Made up of yollow elastic 
genous white fibres, fibres. í 

2. Fibresare long straight or 2. Fibres are thin, highly. 
wavy, exhibit. longitudinal refractile and cylindrical. 
striation. 

3. Each fibre is made up of | 3, Individual fibre freely 
parallelly arranged many branched. 


unbranched fibrils. 
4. Fibrils are made up ofa 4. Fibrous are made up of 


protein called tropocollagen. elastin. 
5. Its function is to give | 5, Its function is to resist 
mechanical protection stretch and recoil. 


against stretch and pre- 


ssure, 


'C. Ground substance : It is the third component of the connec- 
tive tissue. In it cells and fibres are remain embeded. It is an 
amorphous material which is optically homogenous and trans- 
parent. Chemically it is of the nature of protein polysaccharide. 
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4.22. Classitieation of connective tissue : 


Depending on the nature of the intracellular substance and 
cells, the connective tissue may be classified as follows : 


pupeetive tissue 


| 
A. Embryonal connective tissue B. Adult connective tissue 
l 
: ! [ 
(i) Mesenchyme (ii) Mucous connective 
tissue 
l 
General Special 
(a) Blood 
(b) lymph 
| | 
I, Connective tissue proper II, Bone II]. Cartilage 
(a) Areolar tissue. (a) Lamellated (a) Hyalin cartilage 
(b) Fibrous tissue. (b) Haversian (b) Elastic cartilage 
(c) Yellow elastic tissue. (c) Fibro cartilage 


(d) Reticular tissue, 
(e) Adipose tissue. 
(f) Pigmented tissue, 


A. Embryonal connective tissue : 


(i) Mesenchymal tissue: It is the typical unspecialized 
eonnective tissue of early weeks'of embryonic life. Subsequently 
it disappears as such when component cell underogo defferentia- 
tion. It is composed of mesenchymal cells, whose branching 
processes appear to join although they do not form a true syncy* 
tium and of a ground substance which contains fine fibrils. 


(ii) Mucous connective tissue. This isa transient type of 
tissue which appears in the normal development and differentiation 


of the connective tissues. It also occurs as wharton’s jelly in the 
umbilical cord. 


B. Adult connective tissue : 


1. Areolar tissue or Loose connective tissue : Structure: tt 
is formed by the direct differentiation of mesenchyme 
It is a loosly arranged fibroelastic connective tissue. Tbe 
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areolar tissue consists of cells and fibres which are embedded 
in a homogeneous 
Collagen 

ground substance. The 6 Fibroblast 
cells are fibroblast, fat 
eells, mast cells, 
mesenchyme cells, his- 
tiocytes, plasma cells, 
pigment cells. The fibres 
are white or collagenous 
fibres, yellow elastic 
fibres and a few reti- 
cular fibres. These cells 
and fibres are described ) / 
in page number 100. fat@ll Macrophages ae @pillary  Histiooyle 


Monocyte Plasma Cell Elastic fibre 
1ymphocyte 


Distribution : Areolar Fig. 445. Areolar tissue showing different 
tissue is distributed in : types of cells and fibres. 
varying amounts throughout the body. It occurs mainly in the 
subcutaneous, submucous and subserous layers. 

Functions: (1) It acts as embedding medium of many struc- 
ture, including blood vessels and nerves. (2) It serves as support, 
packing and anchoring material. (3) The different functions of 
different individual cells of the areolar tissue are described above. 

2. Fibrous tissue or dense connective tissue 3 Fibrous tissue 


as the name implies is made up of white collagenous fibrous tissue 
and yellow elastic fibrous 


tissue. 

(a) White Collagenous 
fibrous tissue—Structure 
(Vide page no. 100). 

Distribution : The white 
fibrous tissue is usually 
found in those places where 


Fig. 446. Dense connective tissue, in tendon great tensional forces with 
showing fibres and cells. resistance is required such 


Collagenous fibre 


as ligaments, tendons aponeurosis of muscle, dura mater, 
periosteum of bone, fibrocartilage, etc. 
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Functions: To connect the different tissues and the different 
parts of the body to afford mechanical protection against stretch 
and pressure, and in this way to impart great strength as well as 
a considerable amount of flexibility. 


(b) Yellow elastic fibrous tissue: Structure (Vide page 
no. 260). 

Distribution: It is found in the areolar tissue throughout the 
body. It is present in the hollow viscera whose function is to 
Subserve the property of stretch and recoil (spring action). It is 
found in ligamentum nuchae (of the quadrupeds) and ligamentum 
flava (of the vertebra), walls of bronchi,larynx, middle coats of 
arteries, capsule of spleen, etc. 


Functions : (i) It acts as a strong elastic rope that is strength, 
extensibility and elastic recoil. (ii) It. prevents excessive dilatation 
and by its elastic recoil Serves to maintain circulation and blood 
pressure. (iii) The elastic tissue of lungs help in expiration. 


(iv) Reticular tissue : (See page 260) 


3. Adipose tissue : (a) Structure The adipose tissue is 
composed of closely packed fat cells which are arranged in the 
Fat calls forms of lobes and lobules. 

Collagen fibre: jj. /Blood vessels Collagenous fibres and clastic 
Nucleus networks run in all direction 
between the fat cells. There 
is a rich network of blood 
capillaries in and between 
the lobules. The fat cells 
are generally large, rounded 
or oval in shape. The big 
fat droplets occupy almost 
the wholepart of the cell. The 
cytoplasm and the flattened 


nucleus are pushed out to 
Fig. 4-47. Adipose tissue. one side. For this reason 
the cell looks like a ‘signet? ring. 


(b) Distribution : Adipose tissue may develop almost anywhere, 
it is plentiful in areolar tissue but in man commonest sites of fat 


ANIMAL TISSUE 265 


accumulation are in the snbcutaneous tissue, omentum, mesentery, 
breast, surrounding kidneys, etc. 


(c) Funetions : (i) The most important function of the fat tissue 
is the storing of neutral fat, (ii) Fat tissue forms soft and elastic 
pads between the various organs of the body, (iij) Fat is poor 
conductor of heat, thus subcutaneous fat plays a good role in the 
regulation of body temperature, (iv) Remaining around the viscera, 
keeps them in position and. prevents injury, (v) Represent stored 
food and energy. 

Pigmented Tissue ? The cells of this type of tissue are modi- 
fied and contain pigments such as melanin in the first layer of 
retina, substantia nigra of midbrain, etc. 


4. Bone (Osseous tissue) : Bone is the hardest of all conneetive 
tissue that constitutes most of the skeleton of higher vertebrates. 


Endosteum 
Marrow cavity 


Yellow marrow 


~ periosteum 


Fig. 448 Diagram showing internal structure of a long bone and 
its different parts. 
Tt consists of three types of bone cells (Osieoblasts, Osteocyte and 
Osteoclast) and of an intracellular matrix. The matrix contains an 
organic component (35%), chiefly osteocollagenous fibres, and 
an inorganic component (65%) mainly calcium salts. 


@ Bone Ce'ls: Bone cells are of three types, 
(i) Osteoblast : This is bone forming cell, appears on the growing 
surface. The body of the osteoblast has a diameter of 15 to 20 
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pm. They vary in shape, some being cuboidal and other py- 
ramidal. The nucleus is large and usually has a single prominent 
nucleolus. The cytoplasm is basophilic containing well marked 
Golgi apparatus, mitochondria and fine granules. These granules 
are closely associated with sites of active deposition of matrix. 

. Osteoblasts contain the enzyme alkaline phosphatase which are 
eoncerned for the synthesis of the proteins of bone matrix and 
with its calcification. 


(ii) Osteocyte : The osteocyte, or bone cell, is an osteoblast 
which has become embedded within the bone matrix. It has 
i faintly basophil cytoplasm 

containing mitochondria, smal! 
golgi bodies, fat droplets, 
some glycogen and fine 
granules. In general the 
appearance of the osteocyte 
Suggests that of a somewhat 
shrunken fibroblast with 


“Oytoplasmic processes darkar nucleus. The shape 
Fig. 449, Osteocyte (the adult of lacunae in which osteocytes 
bone cells), lie is irregularly oval on the 


flat and biconvex on edge. Fine cytoplasmic processes radiate 
out from the cell lie in the canaliculi. 


(iii) Ostecelast: This is multinucleated giant cell which 
vary greatly in size and inthe number of nucleolus they possess-. 
It is found in close association with the surface of bone often in 
hollow pit Howship’s lacunae. The cytoplasm is faintly basophil 
.and granular. Osteoblast arises by fusion of uninucleate cells-. 
It secretes a proteolytic enzyme to dissolve bony tissue. So its 
fanction is to resorb or to destroy bone. 


Bone matrix: The intracellular substance of bone is apparently homo~ 
geneous organic and inorganic substance, The organic component, comprising 
about 35 percent, is chiefly osteocollgenous fibres. The fibres are united by & 
special cementing substance which consist mainly of acid mucopolysaccharides- 
The inorganic component accounts for 65 percent of the weight of a bone. The 
minerals are present principally as crystals of calcium phosphate with an apatite 


pattern, The minerals are deposited as dense particles aligned in relation to 
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the osteocollagenous fibres. Bone matrix is arranged characteristically in 
elayers or lamellae of 3 to 7 pm thick. The lamellae result from the rhythmical 
manner in which matrix is deposited. 

Classification of bone : Microscopically bone may be divided 
mainly into two types, spongy bone and compact bone. 

1. Spongy bone or cancellated bone : Spongy bone is simple 
in structure and consists of trabeculae or plates. They join with 
each other and form a net work like structure. The intercommuni- 
eating spaces are filled with bone marrow and lined by 
endosteum. The calcium deposit showsa lamellated appearance, 
but no true Haversian system is found in this type of bone. 

Distribution : The inner parts of flat bones, round ends of 
tong bones, the body of the vertebrae, etc. 

Funetions: Spongy bones give rigidity and strength to the 
body. 

2. Compaet bone or Haversian bone : In typical long bones 


(femur and humerus) the i Spongybone containing 
diaphysis (shaft) consists of red abs 
eompact bone. It contains Metaphysis. 


in its centre a voluminous, NKTA 
eylindrical, bore marrow 1 iine 


eavity, the medullary cavity. 
(Fig. 4:50). The epiphysis 
(at the end of the shaft ` Medullary cavity 
eonsist of spongy bones. In 
the growing animal the | 
epiphysis and diaphysis are M Epiphyseal line 
separated by the. epiphyseal 
eartilage plate. It is connec- 
ted with the diaphysis by 
za sod apt E Fig. 4 50. Diagrammatic structure 

e of longitudinal section of a long 
surface of each bone except bono. 
articular surface are covered with a specialized membrane made 
up of connective tissue called periosteum. Endosteum is a similar 
‘membrane like periosteum which lines the marrow space including 
those in spongy bones. 


Articular cartilage 
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Histological structure of bone: Microscopically, the most 
characteristic feature of bone is its lamellar structure, the calcified 


Fig. 4.51, T. S. of bone, 
ded bya varying number (8 to 15) of concentric lamellae. The 


‘lamellae of bone matrix, 
the cells and the central 
canal constitute — the 
Havefsian system or 
osteon. The Haversian 
system is the structural 
unit of compact. bone. 
Embedded within the 
interstitial substance, the 
lacunae (cavities) are pre- 


intracellular substance or 
bone matrix being organised 
into layers or lamellae, They 
are arranged in various ways 
and found to be fibrillar in 
structure. The bone is tra- 
versed by longitudinal 
channels, the Haversian 
canals. Each canal is surroun- 


V 
PBL NV - Lymphatics 


E 
SRL Se E lacunae 
=r 


x 


Fig. 4:59, L.S. of Haversian system. 


sent. It is completely filled up with bone cells called Osteocytes. 


Lamellae 


Empty Cuna 

Fig. 4:53, An enlarged diagram of a 
Haversian system. 

support and shape to the body. (2) It helps in the movement and 


Osteocyte 


Radiating from cach 
lacuna thereare numer- 
ous marrow channels, 
„called canaliculi, which 
penetrate the adjacent 
lamellae to join with 


Cepillaries in canaliculi of neigh- 
^ canalof Haversian 
system 


bouring lacunae. 
Functions of Bone > 
(DIt performs a mechani- 
cal function by forming 
the skeleton, thus it gives 
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work by forming leverage system. (3) It protects the vital organs- 
such as brain, heart, lungs, ctc. (4) It acts as an important 
reservoir for minerals like phosphorus and calcium. (5) Bone 
marrow acts as a site for blood cells formatior. (6) Bone serves as- 
points of attachment of different muscles. (7) ]t is the one: 
of the main sites of reticulo endothelial (phagocytic) cells. 


5. Cartilage (L. Cartiage, Cartilage) : It is a connective tissue 
which is more or less translucent, firm in texture and to some: 
extent elastic. 

It is composed of three elements—cells, fibres, and ground 
substance. The latter two constituting the intracellular subs- 
tances or matrix. According to the difference in number of 
cartilage cells and the nature of the ground substance present;. 
cartilage is divided into three classes i.c., Hyaline cartilage, fibro- 
cartilage and elastic cartilage. 

1. Hyaline Cartilage (Glasslike cartilage) : (a) Structure * 
It appears a translucent, bluish white mass (similar to frosted 
glass) in the fresh condition. It consists of cells and matrix. 

(i) Cartilage eells or Chondrocytes: The shape of the: 
cartilage cells are usually spherical, or slightly triangular. Bach. 
contains a large, centrally i 
placed spherical nucleus. 
The cytoplasm is finely 

grannular, basophilic and 
contains large mitochondria, 
vacuoles, fat droplets and 
some glycogen. Chondrocytes 
occupy within small cavities 
called Jacunae within the 
matrix. Some cartilage cells 
are arranged in groups of 
two, four, etc. in a single 
lacuna. It is referred to as Fig. 4°51, Hyaline cartila: e. 
acellnest. Each group of cells arises from the multiplication 
of a single parent cartilage cell. All hyaline cartilage are covered 
by a fibrous sheath called perichondrium. Towards the periphery,. 
the cartilage cells are elliptical and flattened. 


Capsule Cartilage cell Cell nest 


Nucleus larix ^ Lecuna 
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(ii) The Matrix or Intercellular substance : It is à solid mass in 
which separate cells or group of cells are dispersed at some 
distance from one another. The matrix is markedly basophilic 
owing to its content of chondromucin, a glycoprotein. In mature 


cartilage it is concentrated around cells and cell groups where it 


is referred to as the cartilage capsule. 


(iii) Periehondrium : Except over articular surfaces, hyaline 
cartilage is enclosed by a tough layers of dense connective tissue 
sheath called perichondriun. It is composed of spindle-shaped 
cells indistinguishable from fibroblasts and of elastic and 


collagenous fibres. 


(b) Distribution: In the embryo—Al! the skeleton is first laid 
down as hyaline cartilage and is replased later by bone. 


In the  adult—(a)  Articular 


cartilage, (b) Epipbyseal 


cartilage, (c) Costal cartilage, (d) Cartilage of nose, (e) Car- 
tilage of the larynx except epiglottis, cuneiform and corniculate 


catilages of trachea and bronchi. 


(c) Function: It plays very important function of forming the 
primary medium in which cartilaginous development of bone 


takes place. 


2. Elastic cartilage: (a) Structure: It consists of typical 


de 
NE 


ij Qu 
(e h MM TA 
ANTA 


Fig. 4°55, Elastic cartilage tissue 
showing nnmber of single elastic 
fibres forming net work in which the 
sells are present, 


encapsulated cartilage cells 
and intercellular ground sub- 
stance which contain in addi- 
tion extensive branching 
yellow elastic single or bundle 
of yellow elastic fibres ( thus 
look yellow). It is more 
opeque than hyaline cartilage. 
Component cells show less 
accumulation of fat and gly- 
cogen than those of hyaline 
cartilage. The fibre near to 
the surface are continuous 
with the perichondrium. 


— 


————— à 
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(b) Distribution: This type of cartilage occus in locations 
"where support with flexibility is required as in pinna, auditory 
tube, epiglottis and certain cartilages of the larynx. 

(c) Funetions ? Maintain and strengthen the attached organs. 

3. Fibroe:rtilege: (a) Structures It is composed of dense 
collagenous connective tissue between bundles of which there 
are small regions of hyaline cartilagenous matrix containing 
Chondrocyte Lacuna 
E e N Chondrocyte 


SS 


we J 
DA 


=N ^s Ose 
Yellowfibre Matrix Lacuna — White fibres 
Fig, 450. Diagrammatic structure of Fig. 4°57. Diagrammatic structure 


elastic cartilage containing bundle ^ offibrocartilage. 
of fibres. 


lacunae with enclosed cells. These may occur singly or in groups 
but commonly are in rows, Fibrocartilage lacks a perichondium. 


Definitions of three types of cartilages : 


(a) Hyaline cartilage : The clear pale blue eoloured glassy 
tissue containing cartilagenous cells, chondrocytes and baso- 
philic homogeneous matrix is called Hyaline cartilage. 

(b) Elastic cartilage: The cartilage contains network of 
yellow elastic fibres with the matrix is called elastic cartilage. 

(c) Fibrocartilage : The cartilage contains parallel bundles 
of dense collagenous fibrous is called fibrocartilage. 

(b) Distribution: This type of cartilage occurs where a tough 
support of tensile strength is required, -It occurs in association 
with certain joints of the body, including intervertebral discs and 
«where some ligaments and tendons are attached to the bone, 

(c) Functions Acts as strong flexible connecting structure 
between bones. 
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Table No. 


418 


Differences between bone and eartilage 


Bone 


1. Hardest tissue of the body. 
2. It is not elastic. 


3. The ground substance is 
composed of mainly cal- 
cium phosphate, an  in- 
organic salts. 

4. The calcium  diposition 
shows lamellated appea- 
rance. 

5. Lacunae are arranged in the 
space between adjacent 
lamellae. 

6. A lacuna contains a single 
cell (osteoblast). 


7. The ground substance do 
not contains fibre. 


8. Outer membranous covering 
is called periosteum. 

9. Bone is not converted to 
cartilage. 

10. Haversian system is present. 


———— 


Cartilage 
1. A semisolid type of tissue. 
2. It is to some extent 
elastic. 


3. The ground substance is 
composed of mainly 
chondromucoid, a glyco- 
protein. 

4. No such  lamellated 
appearance found. 


5. Lacunae are present thro- 
ughout the intracellular 
substance. 

6. A lacuna contains one or à 
group of cells (chondro- 
blasts). 

7. The ground substance may 
contains both collagen 
and elastic fibres. 

8. Outer membranous covering 
is called perichondrium. 

9. Cartilage (hyaline) is con- 
verted to bone. 

10. Haversian system is 
absent. 


ER ae ace a 


6. Blood: (a) Definition: Blood may be described as 
specialised connective tissue whose fibreless matrix is a liquid 
Known as plasma in which the formed elements such as red blood 
corpuscles (R.B.C.), white blood corpuseles ( W. B. C. ) and 
platelets, remain suspended. 


| Y 3 Cora 


08c.^ 


@ et 
no I 


MONOCYTE 
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(b) Composition of blood : Blood is an opaque, slightly alkaline 
(PH 7:4), viscid red colour complex fluid. It is mainly composed 


of plasma and cells. 
€) ll ED 
ARE (8) 
(b) 


4 Red blood 
P. corpuscles 


Neutrophil 


Fig. 458, Different types of mammalian (human) blood cells. 


A. Plasma (55%): It is the clear yellowish liquid part 
(intercellular substance) of the blood. It is composed of— 

(i) Water (91—92%) and 

(ii) Solids (83—9%). 

Solids are of mainly two types. 

(a) Inorganic (sodium, potassium, calcium, magnesium, phos- 
phorus, iron, copper, chloride. PO,, bicarbonates) and (b) Organic 
(Carbohydrate-glucose, Protein—serum albumin, serum globulin, 
fibrinogen, etc., Fats—phospholipids, cholesterol, netural fat ; 
NPN—urea, uric acid, creatin, etc). 

Plasma contains the amber coloured fluid known as serum-* 
It is obtained when blood clots. 


Serum: The amber-coloured fluid which exudes from coagulated blood as 
the clot shrinks and then it no longer contains fibrinogen and prothrombin. 


Bio-18 
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Functions of plasma : (a) Serum albumin and serum globulin, 
the proteins of plasma maintain colloidal osmotic pressure and 
viscosity of blood. (b) Fibrinogen and prothrombin, another 
two types of proteins help in blood coagulation. (c) Plasma acts 
as a vehicle for enzymes, hormones, etc. (d) Plasma acts as 
protein reservoir. 

B. Blood cells: There are three types.of cellular elements in 
blood such as red blood corpuscle (R. B. C), white blood eor- 
pusele (W. B. C.), and platelets. 

1. Red blood corpuscle or R.B.C. (Erythrocytes) 2 (a) Structure : 
The R.B.C. of vertebrates, birds, reptiles, camels, amphibians and 
fishes are oval, biconvex and nucleated. The mature human 


Fig. 4:59- Blood cells of vertebrate : A—R.B.C. of Toad, B—R.B.C. of 
mammals, C— different types of W*B.C. 
erythrocyte is a circular, biconcave, non-nucleated disc. The edges 
are:rounded and thicker than the centre (Fig. 4°59 ). Thus when 
; viewed-from the side it looks like a dumb-bell. During develop- 


Rouleau Formation 


Fig. 4°60, Human R.B.C. 
ment : (formation) in the bone marrow each human erythrocyte 
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contains nucleusbut in thelast part of the development the nucleus 
disappears from the mature R.B.C. In the cytoplasm it contains 
red iron pigment known as haemoglobin. 

The mature R.B.C. is soft, flexible and meandiameter is 7.2 um. 
The normal count of RBC in male is about 5 millions per cubic 
millimetre (or 50 lakhs/cu.mm.) and in female is 4.5 millions 
per cubic millimetre (45 lakhs/cu.mm). The average life span 
of an erythrocyte in man is about 120 days. 

(b) Functions : (i) Haemoglobin of R.B.C. mainly carries oxygen, 
to some extent CO, and thus helps in respiration. (ii) Haemo- 


globin of R.B.C. helps to synthesise pigments like bilirubin and 
biliverdin. 


2. White blood corpuscle or W.B.C (Leucoeytes) : 


(a) Characteristic features: One of the colourless, more 
or less amoeboid cells of the blood having nucleus and cyto- 
plasm is called W.B.C. Cells are some what bigger (8um—16um) 
than R.B.C. As they do not contain red colour haemoglobin, 
they look colourless hence known as white blood corpuscle. 
They are much less in number than R.B.C. The average total 
number of white cells are 6,000 to 8,000 per cu. mm. 


(b) Classification of W.B.C. s The leucocytes are classified into 
granulocytes and agranulocytes depending on the presence or 
absence of granules in the cytoplasm. 

I. (a) Granulocytes : This classification is based on the affinity 
of the cytoplasmic granules to acid or basic dyes and also nuclear 
structure. Granulocytes are divided into three basic types, meutro- 
phil, eosinophil and basophil. 

1. Neutrophil (60—70%) 2 It is about 10 —12um in diameter. 
The cytoplasm is filled up with fine uniformly distributed granules 
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which do not show any affinity to either acid or basic dyes and 
hence the name neutrophil. It contains 2—7 lobed nucleus. 


2. Eosinophil (2—4%): It is about 10—12ąm in diameter. 
The cytoplasm of the eosinophil is loaded with granules which are 
relatively bigger in size than in the neutrophil. The granules show 
affinity to the acid dyes, such as eosin (the latter imparts them an 
intense red colour) and hence the name eosinophil. It contains 
generally two or three lobed nucleus, 

3. Basophil (0—1%) s. It is about 8— 10m in diameter. The 
cytoplasm contains few bigger shaped granules. The granules 
show affinity to the basic dyes, and hence the name basophil. It 
contains kidney shaped or slightly lobed nucleus. 


Nucleus Nucleus 


D F 


Fig. 401, Different types of mammalian leucocytes (W.B.C.) upper 
granulocyte A—Neutrophil, B—Eosinophil, C— Basophil, 
Lower—Agranulocytes, D—Large lymphocyte, E—Small 
lymphocyte, F—Monocyte, 


(b) Agranulocyte : Agranular leucocytes are of two type, vider 
lymphocytes and monocytes, 
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Lymphocyte (25 —3095) : Lymphocytes fall into two catagories 
—small lymphocytes and large lymphocytes. Small lymphocytes 


. gre about 7°Sum in diameter. The nucleus is large, and it almost 


occupies the entire cell leaving only a thin peripheral cytoplasm. 
Large lymphocytes are about 12 pm in diameter contain round, 
oval or kidney shaped nucleus and proportionally more 
cytoplasm. 

Monocyte (5—10%): It is about 16—18,;n in diameter. The 
cytoplasm is more abundant in relation to the nucleus; the 
nucleus is ovoid or kidney-shaped. Moreover characteristically, 
the nucleus is always placed eccentrically in the cells. 

Functions of W.B.C.: (a) © Phagocytosis : Neutrophil and 
monocyte engulf bacteria, foreign particles, microorganisms,etc and 
remove from the circulation. (b) Formation of antibody, fibro- 
last, trephones: Lymphocyte produce y-globulin (acts as antibody) 
and fibroblast (which helps the process of repair). The W.B.C. 
manufacture trephones from the plasma protein. It is concerned 
in nutrition, growth and repair of the tissues. (c) Secretion of 
teparin: Basophil secretes haparin which prevents intravascular 
clotting. (d) Ant'allergie function : Eosinophil produce histamin 
which defends against allergic condition. 

Platelets and Thrombocyte : These are another group of formed 
elements. Platelets are nucleated round or oval, biconvex disc. The 
average size is 2:5 wm. There are 250 ,000 platelets per cu. mm. It 
helps for the coagulation of blood.  Thrombocyles are non- 
mammalian nucleated leucocytes responsible for blood clotting, 

7. Lymph: (a) Definition $ The clear pale yellowish coloured 
modified tissue fluid present in lymphatic vessels is known as 
lymph. It is formed from the intercellular fluid surrounding 
all cells. Plasma, interstitial fluid and lymph are all extracellular 


fluids with distinct identity (V ide page 5c'35). 
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Table 4°14 


Differences between epithelial and connective tissue 


Epithelial tissue Connective tissue 
1. It originates from embryo- | 1., It originates from embryo- 
nic ectoderm and endoderm. nic mesoderm. 
2. The cells remain close to- 2. Cells remain apart from 
gether. each other. 
3. The intercellular substance 3. The intercellular < subs- 
_ is minimum. tance is maximum. 
4. Intercellular substance do 4. Intercellular substance 
not contain fibre. contains fibres. 
5. Presence of basement mem- | 5, Absence of basement 
brane on which cells are membrane. 
arranged. 
6. Arrangement of cells either 6. Cells remain scattered 
in single or multiple layers. throughout the inter- 


cellular substance. 
7. Blood vessels always 
present. 
8. It always covers free surface. | 8, It connects different tissues 
or organs. 


POUSSE US ante eee ne eee T a RN 


7. No blood vesselsare present. 


Composition of Lymph : Two parts (a) cells (leucocytes) and 
(b) non-cellular part—water 96% and solid 4%. Solids ate 


(i) Proteins (albumin, globulin and fibrinogen), (ii) lipid 
(iii) sugar (glucose), (iv) Non-protein nitrogen (urea, creatin, ete) 
(v) inorganic substances (NaCl, Calcium, etc). 


Functions of lymph: (a) Transport: It is an additional 
route for transport of materials of high molecular weight and fat 
particles. (b) Defensive: The lymphocytes and monocytes act 
as defensive cells of the body. (c) Fat absorption 1 Lymph of 
lymphatics takes part in the absorption of fat from the intestine 
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4:28. MUSCULAR TISSUE : 


(a) Definition : The contraction and relaxation of those tissues 
which cause movement of different parts in relation to one 
another of the body are known as muscular tissues. 

One of the structural specialisation for contraction of muscle 
cells is the elongation of cells in the axis of contraction. The 
muscle cells are often called musele fibres due to elongated shape 
of the cell. 

(b) Classification of muscular tissue : According to distribution, 
structure and function, the muscular tissues are of three types : 

(a) According to distribution— skeletal, visceral and cardiac. 

(b) Aecording to structure—Striated and non-striated. 

(c) Aeeording to tunction— Voluntary and involuntary. 


1. Striated muscle or Skeletal muscle or voluntary muscle $ 

Inthe fresh state human striated muscle looks pink colour 
partly due to presence of pigment in the muscle fibres and partly 
due to the rich vascularity of the tissue. 

(i) Structure: The shape of a muscle cell (fibre) of skeletal 
muscle is long, cylindrical, multinucleate, the ends tapering toa 
point. It extends in parallel direction with longitudinal length 


Epimysium 


Nucleus \ 
light bond A | 


Tendon 


Dark band 
Fig. 4 62, Diagram showing Muscle Fig. 463 Digrammatic structure 
Tendon junction and different types of 3 cylindrical shaped striated 
of covering of the muscle. muscle fibrs. 


of muscle from point of origin to point of insertion (attached 
place with bone) often through tendons (Fig. 4:62). 
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Size: The length and breadth of the muscle fibre vary 
from l'0to 40mm and 0-01 mm (10% m) to 0'i mm (100 p m) 
respectively. Each muscle cell contains its own thin, tough and 
transparent covering called the sarcolemma as well as a thin 
connective tissue sheath called endomysium that remains n 
outside the sarcolemma. A bundle of several muscle fibres 18 
wrapped by a connective tissue sheath called perimysium. Several 
such bundles, each consisting of few muscle fibres are grouped 
together to form the structure of muscle. This muscle as à whole 


ie lai 
41 Li Band 


Ti 


"Myofibril 


Muscle Muscle Fibre $ 
] Z-line 


Fig. 4°64. Electron microscopic structure (diagrammatic) of striated 
(voluntary) muscle. 


is enclosed by a tough connective sheath called the epimysium- 
Each muscle fibre is filled up with cytoplasm known as sarcoplasm. 
Inside the sarcolemma, elongated multiple nuclei and transversely 
striated myofibril are embeded in the sarcoplasm. The sarcoplasm 
contains other constituents like mitochondria (sarcosomes), golgi 
bodies and around the  myofibril sarcoplasmic reticulum are 
present. 


Myofibril (Gr. mys, muscle; L. fibra, fiber) :(i) The structural pecu- 
liarities of skeletal muscle are the alternate light and dark bands. 
or shades (transverse striation) and thick longitudinal strands. The 
dark band is anisotropic (doubly refractile) and the light band is 
isotropic (singly refractile) when seen with polarised light. Hence, 
the dark band is called as A-band and light band is called as 
[-band. The I-band is intersected by a thin dark line, the Z-line 
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(Dobie's line or Krause's membrane). The amount of substance 
included between two Z-lines ofa 

myofibrils isconsidered as contrac- diui 

tile unit and is known sarcomere. 
Other bands in the myofibril are 


L8end A-Band /-Band 
 XSENGECGUmIN VU dapes eom 
H-Zone 


o " : N 
thin H-bands ( Hensen’s line) = Ml Ea 
ibisecting A-band. The myofibril ree 

" ctn $E 
«composed of mainly two types of filament Myosin filament 
protein filaments. The thick pi; 4.55, Contractile filaments 
filament is known: as myosin of myofibril. 


filament and the thin filament is known actin fllament. 


A TU Myofibrils T- tubules Sarcoplasmic 


reticulum 


Myosin filaments 


Wig. 4°66, Electron microscopic diagram of muscle fibres, muscle fibrils, 
thick (myosin) and thin (actin) filaments along with its cross. 
bridges, ipe : 
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(ii) Distribution: Striated muscle is called skeletal muscle- 
as it is generally attached to the bone of the skeleton. In addition 
muscles are also distributed in the tongue, upper part of the 
oesophagus, etc, 


(ii) Functions: As the skeletal muscle is directly under the: 
control of the will so it also called voluntary muscle. It is con- 
cerned in body movements. 


2. Non-striated muscle or Smooth muccle or Visceral musele 
or involuntary muse'e. 


(i) Structure : The shape of smooth muscle fibres are elongated 
spindle-shaped cell with fine tapering ends. The average length of 
the muscle fibre is about 20 jm and the width is about 6 jum at the 
central widest portion. The sarcoplasm contains fine myofibrils- 
which are lack of striation (cross striation). Smooth muscle 
fibres do not have distinct sarcolemma. The single nucleus is 


Intercalated disc — Nucleus 


Fig 4°68. Diagrammatic structure of 


cardiac muscle, 


Fig, 4°67. Digrammatic structure 
of smooth (involuntary) muscle. 


elongated, oval or cylindrical in shape and is placed at the centre 
of the muscle fibre. 
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(ii) Distribution 2 It is mainly visceral in distribution. It forms 
the contractile part of the digestive tract from the centre of 
the oesophagus to the anus. It is also present in ducts of glands, 
blood vessels, respiratory, urinogenital and lymphatic systems of 
the body. 

(iii) Functions : The non-striated visceral muscles are involun- 
tary and cannot be moved at will. Almost all systemic func- 
tions done by the different visceral organs are controlled to some: 
extent by the smooth muscle present in those organs. 

These types of muscle fibres are supplied with autonomic nerve 
fibres ( sympathetic and parasympathetic ). These nerve fibres 
control the functions of the muscle. 

3. Cardiac muscle : Cardiac muscle is involuntary but striated: 
and contracts rhythmically and automatically. 


(i) Structure: Cardiac muscle is made up of muscle cells. 
These are of 2—22 um in diameter. Under light microscope the 
cardiac muscles are appear as syncytium (cytoplasmic continuation 
between neighbouring muscle fibres). However, now it has 
been revealed by electron microscope studies that heart muscle 
is made up of distinct individual cells. The heart muscles look 
like syncytium because adjacent cell walls are in very close 
contact with each other through special structures called inter- 
related dises. These discs appear as the dark lines which 
pass in irregular step-like configuration across the fibre at fairly 
regular interval. Bach cell contains centrally placed single 
oval nucleus, sarcoplasm and myofibrils. 

(ii) Distribution : Heart is made up of this type of muscle. 

(ii) Functions: The contraction and relaxation of the heart 
(cardiac) muscle is not under our will hence it is invountary 
muscle. 
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4'24. Nervous tissue : 

Those tissue responsible for adjustment of body in response 
to either external or internal enviornmental changes is known. 
as nervous tissue. Cell body. 

The nervous tissue is 
highly specialised epithelial 
tissue for reception, discharge 
and transmission of stimuli. 
It is composed of two types 
of cells -neurone (the nerve —pengrites 
cells) and neuroglia(accessory 
cells). 


`} Nodeof Ranvier 
Neurolemma 


Neurone (Neuron ) : J a 
(a) Definition 3 The stru- 
¢tural and functional unit of 
nervous system is known as 
neurone or nerve cell. 

(b) Classification of neu- 
rones: Neurones may be 
classified as follows : 1. Aecor- Fig. 4:69. A neurone, 
ding to function : Neurones may be ofthree types (i) afferent 


(sensory) neurone, (ii) efferent (motor) neurone and (iii) inter- 
nuncial (intercalated) neurone. 


2. According to structure: Depending on the length of 
axons the neurones are two types (i) Golgi I and (ii) Golgi II 
neurones. 


3. According to poles + ‘According to origin of axon and 
dendrites from the cell body the neurones are as follows. 


(i) Unipolar neurone: When one axon and one dendrite 
combined and originate from one pole of the cell body, the 


neurone is known as unipolar neurone. 
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(ii) Bipolar neurone: In this type of neurone, a axon and 
dendrite ^ originate from 
opposite poles of the cell 
body. 

(iii) Multipolar neurone : 
In this type many dendrites 
and one axon arise from 
several parts (poles) of the 
cell body. 

(c) Strueture of Neurone : 
A neurone consists of two 
parts such as cell body and 
processes. 

A. Cell body: The cell 
body often called cyton or 
centron or parikaryon. A 


Dendrite 
Wy 


H 


Fig. 4°70, Types of neurones A-Uni- ^ 
polar, B-Bipolar, C-Multipolar typical cell body may 
neurones. be rounded or polygonal 


or spindle shaped or flask-shaped or pyramidal shaped. 
The surface of the cell body is covered by fine plasma membrane. 
The cytoplasmic matrix of the nerve cell is known as neuroplasm. 
It contains a spherical nucleus with a large nucleolus. Special 
bodies called Niss! granules a network of fine ultramicroscopic 
fibrils the neurofibrils, Golgi apparatus, ribosome, endoplasmic 
reticulum, centrosome, etc. are present in the neuroplasm. The cell 
body is present in the ganglia and central nervous system i.e., in 
the grey matter of the brain and spinal cord. It regulates the 


functional activities of the cell body. 


B. Processes: The cell body of the neurone give rise several 
"branching processes which are of two types viz ; axon and 
dendrite. 


(i) Axon: There is usually a long branch known as axon. 
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4t arises from a special protruberance on the cell body known as 
the axon hillock. The axon is generally called the nerve fibre. 
The cytoplasm of the axon is known axoplasm which is covered by 
a fine plasma membrane known as axolemma. The axon is 
branched at its distal end known as axon terminals which make 


<ontact with other neurone and form synapase or with muscle form 
meuromuscular junction. 


Dendrites : Besides the axon there are one or more shorter 
Sranched processes called dendrites. The dendrites serve to carry 
messages to the nerve cell. 

Myelinated and nonmyelinated nerve fibre: The axons, both 
in the vertebrates and invertebrates, are often covered with a 
sheath called the myelin sheath such fibres (axons) are called 

Cell body 


m Nucleus (CORN 


Pig. 471. Diagrammatic structure of different types of nerve fibres (A 4- B)- 
Medullated fibres and (C) Non-medullated fibre, 


wayelinated (medullated) fibre, while those which are not covered 


«re called non-myelinated (non medullated) fibre. Dendrites are 
always non-myelinated. 
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(a) Myelinated fibre: It is composed of three elements—axis 
cylinder, myelin sheath (medullary. sheath) and neurolemma ( (neuro 
liemma). The axis cylinder (axon) is the innermost part covered 
by the thin membrane axolemma and filled up with axoplasm. 
Surrounding the axon is myelin sheath that is approximately a$- 
thick as the axon itself. The myelin sheath provides both mecha- 
nical support and electrical insulation to the axon. The myelin 
sheath is broken at regular intervals along the length of the axon. 
The placewhere the myelin sheath is discontinuous are called Nodes 
of Ranvier. All nerve fibres outside the central nervous system, 
receive another homogeneous nucleated continuous covering—the- 
neurolemma (sheath of Schwann), The neurolemma protect nerve 
fibre, supply nutrition and helps in the repairing of damaged p:ri- 
pheral nerves. 

(b) Non-myelinated fibre: This type of nerve fibre do not 
contain myelin sheath but only axon cylinder and neurolemma 
are present. Hence the diameter of this nerve is less than. 
myelinated fibre. 


Nerve fasciculus removed of 


, Perineural connective tissue its berineurel epithefium 


Endoneurium. 
Perineural epithelium 


Nervefrunk Epineurjum Nerve fasciculus 


Fig. 4°72. Electron microscopic diagrammatic structure of nerve fibre: 
Nerves: A single nerve is composed of bundle of several! 
axons. The individual axon is covered by neurolemma. The 
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connective tissue layer surrounding the individual axon is called 


endoneurium. Several axons are bound togather by another 


connective tissue sheath called perineurium. Several such bundles 


of axons are bound together by another connective tissue layer 


epineurium to form a nerve. 


Table 4-16 
Comparison between axon and dendrite 
Axon : Dendrite 

1. It is usually Jong and | 1. Itis usually short and mul 
single process of neurone. tiple process of neurone. 

2. It has uniform thickness | 2. It is branched and taper at: 
and unbranched. the end. 

3. It is myelinated. 3. It is non-myelinated. 

4. Neurolemma is present. 4. Neurolemma is absent. 

5. Myelin sheath is differen- | 5. Nodes and internodes are 

- tiated into nodes and not differentiated. 
internodes. 

6. Structurally different 6. Structurally same as cell. 
from the cell. 

7. The external appearance | 7. The external appearance is 
is smooth. rough. 

8. It conduct impulse away | 8. It conduct impulse to the 
from the cell body. cell body. 

oe COND ONE PST E E SA 
SUMMARY 


An aggregation of similar cells and their intracellular substance com- 
bindly known as tissue, Feur types of tissues are present in the animal body 
such as epithelial, connective manscular and nervous tissues, Epithelial tissues 
which cover the free surface of an organ and are many types viZ., simple 8qua- 
mous, simple cubical, simple columnar, simple ciliated, transitional, stratified 
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squamous cornified and noncornified, stratified cubical, stratified columnar, 
ciliated and glandular epithelium, Connective tissue which form connection 


between 


cell and tissue are made up of connective tissue cell and intracellular 


substance. Connective tissue are areolar, fibrous, yellow elastic reticular 


adipose, pigmented, bone, cartilage, blood and lymph. Muscular tissue, respon- 


sible for 


locomotion and the movement of different body parte, It is made up ef 


three types of muscles such as yoluntary, (skeletal) involuntary (smooth) aud 
cardiac muscle. Nervous tissue responsible for adjustment of body in . 


response to internal and external changes and-is made up of neurone (structural 


unit of nervous system) and neuroglia (supporting cell). 


1. 


2. 


THINGS TO REMEMBER 


Tissue ; United by intracellular substances the aggregation of similar 
and dissimilar cells which have common origin and functions are know» 
‘as tissue. : 


Organ: Group of more commonly two or more tissues, which basi- 
cally funetion independently, 


System of organs: A collection of homogeneous organs marked by a 
common structure, function, and development. 


Epithelial cell: A tissue composed of contiguous cella with a minimum 


of intracellular substance and which covers free surface of the body. 


Basement membrane : The delicate membrane on which an epithelium 
is seated, 


Endothelium ; Epithelium lining the inner surface 


of blood and lymph 
vessels, : 


Mesothelium : Epithelium lining the body cavities, 

Cubical epithelium ; Distinguished by prismatic cells in which height 
and width are approximately equal, - 

Columnar epithelium ; 
columnar cells, : 

Cillated epithelium: A form in which the cells of epithelium bear 

vibratile filaments or cilia on their free Pal laipelieeo ben 


Surfaces, 
sis stratified epithelium: The epithelium where cells differ in 
eight, ; 


Distinguished by elongated, prismatie or 


Transitional epithelium : The cells of this form vary in shape between 


squamous, when the epithelium is stretched and columner when not 
stretched. 


24, 


:25, 


26, 
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Glandular epithelium; An epithelium in which the cells are predo- 
minantly secretory in function. 

Apocrine gland: The free end of the glandular cell is pinched off with 
the secretion leaving the nuclear and most of the cytoplasm intact. 
Holocrine gland: One which forms its secretion by degeneration of 
its cells, 

Merocrine gland; The secretory cells manufactured secretory products 
and discharged from the cell without the loss of cytoplasm, 

Endocrine gland: Glands without any ducts (dactless gland) scereting 
hormonal substance into the blood stream. 
Exocrine gland; Glands which secrete into an epithelial surface.. 
Connective tissue : A general term for all those tissues.of the body 
that support the specialized elements, 

Mesenchymal tissue; Undifferentiated embryonic tissue composed of 
branching:cells between which is a coagulable ground substances, 
Areolar tissue : A form of loose connective tissue composed of varieties 
of cells and delicate collagenous and elastic fibres interlacing in all 
directions, 2 
Adipose tissue; A form of connective tissue consisting of fat cells 
lodged in areolar tissue, i 
Fibrous tissue: The densest connective tissue which. is made up of 
collagenous fibres arranged in parallel. 
Elastic tissue: Connective tissue which is composed tredoaiianti y of 
yellow elastic fibres, 


agers 


Reticular tissue ; Connective tissue in which reticular fibres are cons- 
picuous element, forming a branching nonelastic network, r 
Osseus tissue or Bone : A supportive rigid connective tissue consisting 
calcified matrix enclosing many much-branched cells the osteocytes. 
Osteoblast ; ` The cell in the formation of bony tissue. 

Osteoclast ; One of the large multinuclear cells found in association 
with resorption of bone. 

Haversian canals: The canals containing blood vessels & connective 


tissue penetrating the compact substance of bone in a longitudinal 
direction. 


Periosteum and endosteum: The fibrous membrane investing the free 
surface and marrow space the bone respectivelly- 
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Cartilage; A soft white, semiopaque, nonascular connective tissue 
composed of a matrix containing chondrocytes, the nucleated cells 
which lie in lacunas, 

Hemapoietic tissue ; Blood-cell-forming tissue consisting of reticular 
fibres and primitive reticular eells which can be converted into all 
types of blood and connective-tissue cells» 

Blood: The fiuid connective tissue consisting cellular elements which 
suspended freely in a fluid known as plasma (matrix). 

Plasma: The pale straw (yellow) coloured alkaline fluid part (matrix) 
of the blood. 

Serum: The amber coloured fluid which exudes from coagulated 
blood as the clot shrinks and no longer contains fibrinogen, 
Erythrocytes ; Mammals erythrocytes are biconcave, non nucleated: 
circular whereas im birds, reptiles, camals fishes and amphibians 
erythrocyte are oval, biconvex and nucleated. 


Leucocyte: Colourless, more or less améboid cells of the blood, having 
a nucleus and cytoplasm. 


Platelets: A small, colourless non-nucleated disk in the circulating 
blood of all mammals, 


Lymph: The clear yellowish coloured fluid in the lymph vessels, 
collected from the interstitial fiuid. 
Muscular tissue ; 


Tt is composed of individual muscle fibres or muscle 
cells, : 


Sarcomere: One of the segments in which a muscle fibril divided 
by zlines. It contain contractile unit actin and myosin filaments, 


Nervous tissue: It is composed of nerve cells, their processes and 
accessary cells, such as the neuroglia, 


Neurone: It is the structural and functional unit of nervous syste™ 
and consists of cell body and its processes, | 
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@ Graded Exercise @ 


PLANT TISSUE 


5. 


Long answer type i 


What is tissue? What is meristem? Describe the meristematic 
tissues found in plants, 

Define a tissue ? Mention the main types of tissue found in plants. 
Distinguish between meristematic tissue and permanent tissue, 

What is meristematic tissue ? Classify meristematic tissue according 
to position with the help of suitable sketch, How does this tissue 
differ structurally from parmanent tissue ? 

Classify meristem according to position and. describe them“ with 
sketches. 

Describe the structural development and differentiation of meristematic 
tissues: Give a labelled sketch. A 
What is a tissue? What is meristematic tissue? Mention the 


functions of that tissue. Classify meristem according to plane ot cell 
division. 


How many types of permanent tissues are there in the plant body ? 
What do you mean by simple tissue ? Describe the different types 
simple parmanent tissues, 


What is complex tissue? Describe the different types of complex 
tissue. : 
Write what you know about the structure, occurrence and funetions of 
the different types of complex tissue. 

What are the complex tissues ? Name the cells which are forming 
this tissue ? Describe the structure and functions of any one complex 
tissue. 

What is simple tissue ? Draw and label a dead simple tissue found 
in plant. 


Describe the structure, occurrence and functions of sclerenchyma 
in t. s. and 1,8. 


Draw, label and describe the structure and functions of xylem. 
Draw, label and describe the structure and functions of phloem. 


What type of tissue is xylem t Describe the structure = functions 
of the different elements of that tissue. 
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What type of tissue is phloem ? Describe the structure and function 
of the different elements of that tissue. 
What is the difference between permanent tissue and meristematic 


tissue? What kind of tissue is phloem and state its function, What 
is chlorenchyma and where is it found ? 


Distinguish between xylem and phloem: 


Describe the structure of vascular tissues with the help of suitable 
diagrams, Mention their functions, 


Name two conducting tissue of plants, Describe the structural 
elements of any one of them. State its function. 


Short answer type 1 


What is meristematic tissue ? 


. Describe the structure of the meristem, 


Classify meristem according to origin, 
Classify meristem according to position, 


» Classify meristem according to function. 


Classify meristem according to plane of cell division. 


What is permanent tissue? Mention the characteristics of permanent 
tissue, 


Describe the structure of parenchyma tissue, Give sketch. 

Describe the structure of collenchyma tissue, 

Describe the different types of collenchyma tissue. 

Describe the structure of sclerenchyma, 

Describe the structure of the different types of sclerenchyma fibres» 


Mention the functions of parenchyma, collenchyma and sclerenchym^: 
What is sclereid? Describe the structure of sclereids, 
Describe the different types of sclereids, 


‘What is tracheid? Describe the structure of tracheld. Mention il» 
function. 


Describe the structure of tracheae, Mention its function. 
Describe the structure of a sieve tube. Mention its function. 
Describe the structure of a companion cell. Mention its function. 
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Describe the structure of a sieve cell. Mention its distribution and 


function. 
Describe the structures of xylem parenchyma and phloem parenchyma. 


Short answer type: 


Define a tissue. 

Define meristem. 

What is promeristem ? 

What do you mean by Schizogenous and Lysogenous ? 
What is primary meristem ? 

What is secondary meristem ? 


. What is apical meristem ? 


What is intercalary meristem ? 
What is lateral meristem ? 
What is protoderm ? 

What is procambium ? 

What is Ground meristem ? 
What is mass meristem ? 

What is plate meristem ? 
What is rib meristem ? 

Define permanent tissue, 

What is simple tissue ? 

What ís parenchyma ? 

What is chlorenchyma ? 

What is aerenchyma ? 

What do you mean by idioblasts ? 
What is collenchyma ? 

What is sclerenchyma ? 

What is sclerenchyma fibre ? 
What do you mean by intraxylary fibres and extraxylary fibres ? 
What is libriform fibre ? 
What is fibre trachids ? 

What is sclereid ? 
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70. "What is stone cell ? 

7i. Define complex tissue. 

72. Whatis xylem ? 

73. What is metaxylem and protoxylem ? 

74. What do you mean by vascular bundle ? 

75. Mention the functions of xylem and phloem, 

76, Mention the characteristics of xylem parenchyma cells. 
71. Whatis axial parenchyama and ray parenchyma ? 

78. Name the conducting tissue of plant, 

79, What is protophloem and metaphloem ? 

80. What is sieve tube ? 

81. What is sieve plate ? 

82. What is callus pad ? 

83, Name the tissues related to circulation in plants. 

84. What is sieve cell ? Mention its distribution. 

85. What is companion cell ? 
Mention the characteristics of phloem parenchyma cells. 
87. What is wood fibre and bast fibre ? 
88. What is albuminous cell ? 

89. What is jute fibre ? 


- Mention the characteristics of sclerenchyma fibre ? 

D. Fillup the gaps: 

91. From the dermatogen — is produced (Epidermis}/Endodermis/Hypo- 
dermis). 

92. From the periblem — is produced (Cortex/Epidermis) 

93° Sclerenchyma is a kind of — tissue (Living /Dead) 


94. The living plant cell without nucleus is — (Tracheae|Tracheid/Sieve 
tube) 
95, Bast fibre is a — element. (Phloem|Xylem) 
96. Jute fibre is — fibre, (Bast| Wood ), 
97. Companian cell lies associated with — (Tr&cheae/Collenchyma|[Sieve 
tube[Tracheid). 
98. Collenchyma is a — tissue (Simple[Complex). 
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Chlorenchyma is a kind of — cells (Collenchyma|Parenchyma|Sclercn- 
chyma). 
Cambium is a — meristem (Apical meristem|Eateral meristem/Inter- 
calary meristem) ` 

Epidermis is formed from — (Ground meristem | Protoderm | Pro- 
cambium) 

The perforated end walls of sieve tubes are called — (Callus pad|Sieve 
plate[End plate) 

Callus is found in — (Parenchyma|[Sclerenchyma[Sleve tube| tracheids) 
Complex permanent tissue is — (Sclerenchyma|Parenchyme ;Xylem) 


Distinguish betwen : 

Meristematic tissue and Permanent tissue, 
§chizogenous and Lysogenous 

Primary meristem and secondary meristem, 
Apical meristem and Lateral meristem 
Protoderm and procambium 

Plate meristem and rib meristem 

Mass meristem and plate meristem 
Parenchyma and Sclerenchyma. 
Collenchyma and Sclerenchyma 
Chlorenchyma and Collenchyma 

Simple tissue and Complex tissue 

Angular Collenchyma and Lacunate Collenchyma 
Sclerenchyma fibre and Sclereid 
Intraxylary fibre and Extraxylary fibre 
Libriform fibre and fibre-tracheid 

Brachy sclereids and Macro sclereids 
Tracheae and Tracheid 

Anial parenchyma and ray parenchyma 
Sieve tube and Sieve cell 

Protoxylem and metaxylem 

Companion cell and albuminous cell 

Wood fibre and bast fibre 
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128. Tracheae and Sieve tube 
129. Xylem and Phloem 


130. Protophloeni and metaphloeni 
131, Vessel and Tracheld 


F. Write short notes on 


132. Meristem 133. Schizogenous 134, Lysogeénous 135. Primary 
meristem 136. Apical meristem 137, Lateral meristem 138.  Intercalary 
meristem — 139. Chiórenchyma 140. ^ Aerenchyma 141, Parenchyms 
142, Sclerenchyma fibre — 143,  Sclereid 144, Wood fibre 145. Bast 
fibre — 146. Libriform fibre — 147. Fibre tracheid 148, Callus pad 


149, Sieve cell 150. Sieve tube 151, Companion cell 21.Albumin- 
ous cell, 


ANIMAL TISSUE 
A. Long answer types 
1. Define tissue, How many types of tissues are found in the animal 
body. Give the situation of each tissue in the body. 


2. What is epithelial tissue? Mention the struetare and functions- of: 
simple epithelial tissue, 


3. Define epithelium, Classify it with examples, 

What are compound epitheliam ? Give an illustrative account of 
compound epitheliuin, 

What do you mean by stratified squamous epithelium ? 

What is connective tissue ? Describe the different, types of connective 
tissues and state their functions, 


7. Name the different connective tissue cells and fibres found in the- 
human body, 


8. Give an account of structure, 


» distribution and functions of areolar 
tigsue, 


9. What is adipose tissue ? Mention its locations and futictions, 
10, What is blood ? Givea descriptive dédount of your blood, 


11, What do you mean by erfthróeste, Witoosyte aña thrombocyte ? Give 
some functions of leucocyte, 


12, 
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Why some of your blood cells known às red blood corpusele arid some 
as white blood corpuscle? Discuss some functions of red blood 
corpuscle, 

What is bone? Discuss its functions, 

Name the hardest tissue of an animal, Describe its structure. 

What is lymph, Where it is formed and what are its functions ? 


. What do you mean by granulocyte and agranulocyte, Give an 


illustrative account of them. 

Write what you know about cartilage tissue ? 

Define and classify muscle. Describe the structure of skeletal muscle. 
What is neurone ? Describe its structure, 


What is sarcomere ? Discuss its structure, 


Short answer type: 


What do you understand by simple and compound epithelium ? 
Define epithelial and connective tissues. 

Mention important functions of epithelial cells, 

What is transitional epithelium ? Mention its functions. 

Why some of the stratified squamous epithelium is known as stratified 
squamous cornified epithelium ? 

What do'you understand by exocrine and endocrine glands? Give 
two examples from each. 

What is areolar tissue ? Where it is found in the body ? 

In which part of the body adipose tissue is mort predominent ? 

What type of cartilage is mostly associated with the ligaments of the 
joints ? 
What is compact bone ? 

What is lymph ? What are its functions ? 

What is myelin sheath ? Where it is found ? 

What is node of Ranvier ? Where it is found ? 

Name the hardest and softest tissue of animal body. 


Distinguish between : 


Epithelial tissue and connective tissue. 

Simple cubical epithelium and simple columnar epithelium, 
Simple epithelium and stratified epithelium. 

Keratiniaing epithelium and non-keratinizing épithélium- 
Exocrine and endocrine glands 


os 
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40. Apocrine and holocrine glands 
41, Areolar tissue and Adipose tissue 

42, Macrophages and mast cells 

43. White fibrous tissue and yellow elastic tissue 
44, Collagen and elastin 

45. Osteoblast and osteocyte 

46, Spongy bone and compact bone 

47. Elastic cartilage and fibro cartilage. 

48. Bone and cartilage 

49. Blood and lymph 

50. Eosinophil and neutrophil 

31. Striated muscle and non striated muscle. 
52. Sarcolemma and neurolemma 

53. Cardiac muscle and skeletal muscle 

34. Neurone and neuroglia 
Axon and dendrite, 
Unipolar neurone and bipolar reurone 


a 
aa 


Medullated nervo fibre and non-medullated nerve fibre 
68. Plate lets and Thrombocytes 


D. Multiple choice type : 


The tissue which forms à lining membrane is known as—muscular 

tissue/connective tissue/epithelial tissue, ` 

Glandular epithelium includes with! 

epithelial tissue/ muscular tissue, 

71. The general functions of the 
Secretion, , 

72. Pigmented cells which contai 
connective tissue/epithelial tiss 


73. White fibrous tissue is made up of protein known as—collagen/elastin. | 
74. Cardiac muscle is known as—s 


triated muscle[non striated muscle. 
75. Haversian 


system found in—cartilage | muscle | bone | transitional 
epithelium, 


N—cor nective tissue/special tissuel 
connective tissue is—protectionfconnection} 


n melanin pigment are present in the— 
ue}nervous tissue, 


76, The most important Supporting tissue of the body is—cartilage/bone/ 
. areolar tissue, 3 


Mature RBC €cntain—nucleus[no nucleus, 
78, Neurolemma is found in the ne 
system/outside the central neryou 


Fill in the blank : 


79, The epithelial tissue containing two or more layers of cells is knowa 
as—. z 


tye fibre present in—central nervous 
s System, 
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$0, The cells of the glandular epithelium can be grouped into — 
catagories. 

81. Connective tissues may be classified into—groups. 

82. The basophilic rim of matrix of a hyaline cartilage is known as —. 

83, The covering of each muscle fibre is known as —. 

$4. The muscle contain two types of contractile elements known as actin 
and —, 

85. The endoplasmic reticulum found in sarcoplasm is known as —. 

86, The dendrite conduct nerve impulse towards —. 

87. Node of Ranvier are present only in the nerve fibres contain only — 
sheath. 

88. Motor fibres carry nerve imp ilses from the central nervous system 
to —. 


E. Write short notes : 
89. Axon, 90, Neurone, 91. Motor nerve, 92, Lymph, 


@ Public Examination Question from this Chapter 
PLANT TISSUE 


A. Long answer type. 


1. What is tissue? Distinguish between meristematic tissue and 
permanent tissue. Draw a lebelled sketch of any one type of simple 
tissue and write where it is located in plant body. (H. S. ’87) 

2, What is meristematie tissue and permanent tissue? Give examples 
of both. Describe briefly the different types of permanent tissue in 
plants with lebelled sketeh. (H. S, 87) 

3- What is meristematic tissue ? Mention the main types of tissue found 
in plants. Distinguish between meristematic tissue and permanent 
tissue, (Tri, H. S. '84) 

4. Discuss the differences between simple and compound tissue, Describe 
the structure of any one eompound tissue, Mention its site and 
functions, (Tri. H. S- '86) 

5, What is the difference between permanent tissue and meristematic 

tissue ? What kind of tissue is phloem and state its functions ? What 


is ehlorenchyma and where is it found ? (H. S. '85) 
6, What is complex tissue ? Draw and lebel a dead simple tissue found 
in plant, (Tri, H. S. '83) 


7. What are eomplex tissue? Name the cells which are forming this 
“tissue? Describe the structure and functions of any one complex 
tissue, (Tri. H. S, '82) 

B. Name two condueting tissue of plants. Describe the structural 
elements of any one of them. State its function. (H. S. '81) 
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Short answer and other type 


9, What is meristematie tissue ? (H. S. 19) 
10. State the differences between meristematic tissue and permanent 
tissue, (H. S, '85) 
11, Name the conducting tissue of plant, (H. S. 18) 
12, What type of tissue is xylem and what is its functions ? (H. S-, '87) 
13, What type of fibre is jute ? (H. S. '82, '86, '81) 
14 Name the tissues related to circulation of plants, (J. E, E, '85) 
15, State the differences’ between Parenchyma and Sclerenchyma, 
(H. 8, '85) 
16. State the differences between collenchyma and Solerenchyma. 
(H, 8. (8) 
17, Write short notes on sieve tube. (H. 8, '83) 
18. Fibre taking part in the formation of xylem is—Bast fibre/wood fibref 
Sclerenehyma fibre. (H. 8. '82) 
ANIMAL TISSUE. 


A. Long answer type $ 


1, 


. Bone belong to which type of tissue ? Draw different; part: 


Describe with diagram the structure and 


epithelial, (b) columnar epithelial 
tissues. 


function of (a) squamous 
» (e) ciliated columnar epithelial 

(H, S, '79) 
Distinguish between a cell and a tissue, Write what you known abont 
simple epithelial tissue and cartilage tissue (Tri. H. S. '83) 


. What are epithelial tissue and muscular tissue? Write how many 


types of epithelial tissues are there, 


Draw lebelled sketches of 
differenti types of simple epithelial tissue, 


(H. 8. '82) 
What are the chief types of epithelial tissue of human? Describe the 


structure and functions of Hyaline cartilage and adipose tissue, 


(Tri, H, 8. ’85) 
characteristic feature 
mention their functions. 
(H. S, '86) 
s of it and 


Define connective tissue. Describe the 
of different types of connective tissue and 


lebel its different parts, 


(Tri, H. 8. '87) 
“Blood is a connective tissue"—proye it, (Trl. H. S. '80) 


$. 


13, 


44, 


15. 


16. 


17. 


18. 


19, 
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What are the chief functions of Red Blood: cells. in human ‘subject ? 
How do you enumerate the number of Red Blood cells in the blood ? 

(J. EE. '86) 


Write the names of different types WBC present in blood. State how 
they help in body defence. (J. E. E. '87) 
What are the constituents of blood ? Discuss each constituent, What 
are the functions of blood. (H. S, '84) 


What is lymph? Mention its functions, Why lymph flow in one 


direct on ? (Tri, H. S. 82) 
Name the different types of white blood corpuscles that are found in 


the human bload and give their distinctive features, Classify different 
types of human blood on the basis of antigen and antibody. What is 
the utility of such a classification of blood ? (J. E. E, ’87) 
Mention the differences among the tissue fluid, lymph and plasma of 
human body. (J. E. E. '87) 
Name the hardest and softest tissue of animal body. Name the tissue 


related to circulation in plant. Write the sequence of events in the 


phagocytic digestion of white blood corpuscles of man. (J. E. E. '89) 


Draw an. describe the transverse section of bone ? What do you mean 
by ossification ? (Tri. H, S. '81) 
What are muscular tissues? Describe the structure of striated 


muscle, How does it differ from a non-striated muscle fibre ? 
(H. S. '81 ; J, E. E. '82) 
Distinguish between smooth muscles and striped muscles. Givo two 


examples of each. What kind of muscle is the diaphragm ? Describe 
its functions ? (J, E. E. '82) 


Write any three polnts of differences between cardiac muscle and 


‘skeletal muscle. What is the reasons of muscular contraction ? What 


is a cartilage ? (H, S, '84) 
What are the functions of nerve tissues ? Describe the structure of a 
typical neuron, : (H. S, '78) 


Describe the structure of typical nerve cell and a nerve fibre with 
lebelled sketches, What are the main functions of nerve ? (J.E.E, '80) 
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D. Write short notes on : 
91 What are the differences between epithelial and connective tiseuc- 
(J. E, E. Së 
22, What is holocrine gland ?° (J- E. E. SA): 
23. Comrpare and contrast between bone and cartilage. (HS 
24, Name a cell where nucleus is absent, (H. S, "3B 
25. Does a red blood cell never have a nücleus in man © Explain. 
(H. S. "18)- 
26. How many types of white blood cells are there in human. blood t 
Name them. (HLS. 
2i. Compare and contrast blood and lymph, CT, 8.780, By 
28. Wnat is lymph? What is its function ? (TT. S. 84, BE 
29. Compare and contrast between skeletal muscle and cardiac muscle; 
(H.8. v8) 
30, "Name the hardest and softest tissue of animal body. (J, E-B. 6) 
3l. write short notes on axon, (H. 8.88) 
32, Write short notes on motor nerve, ( H. S. BP 
33. 


Write short notes on Lymph. (H- S. BSP 
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ELEMENTARY 
IDEA ABOUT 
LIFE PROCESSES 


Syllabus : Elementary idea about life process—Transpiration, Photosyn- 
thesis, Respiration, Nutrition, Circulation, Excretion, Growth, Movement 
and Reproduction. : 

5'|. Introduction : To maintain the life smoothly all the living organism 
of the earth has to maintain different physiological processes. In other words 
the processes which help the organism to maintain its life is known as ‘life 
process. Although plants and animals exhibit different types of life processes 
yet some basic similarities are marked. The different life processes observed in 
living organism are as follows :— : 


A. Transpiration: This type of physical process that take place in plant 
only. The evaporation of water from the surface of aerial parts of the plant is 
known as transpiration. 


B. Photosynthesis: Process of trapping the energy of sunlight, trans- 
forming it into chemical energy, and storing it in the chemical bonds of carbo- 
hydrate is called photosynthesis. 

C. Respiratian : Vital process that occurs in all the living cells and which 
chemically brings about the oxidation and decomposition of organic compound 
like carbohydrates with release of energy is called respiration, 1 


D. Nutrition : The process by means of which food is taken, and utilized 
(digestion, absorption, assimilation, etc.) within the organism is called nutrition. 

E. . Circulation: The process by which the digested food materials, 
oxygen, carbondioxide, waste products, hormones, enzymes, etc. are circulated 

` in the fluid is called circulation. 

F. Excretion : Living things excrete. Excretion is the removal of waste 
products from the body which result from normal life processes, Waste products 
like CO, urea, etc, must be excreted from the body. If they accumulate in the - 
body they cause poisoning. ( 

G. Growth: The processes which bring about a permanent and irreversible 
increase in size and volume in any plant or anima] or their parts is called growth, 
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H. Movement: Living things move in a directed and controlled way. 
In other word they move of their own accord, Animals usually move their 
whole bodies and often have special organs, Plants also move in a directed and 
controlled manner but generally only parts of their bodies move, 

I. Reproduction: The ability of the living organism to produce new 
organism exactly like themselves is réferred to as reproduction. 

Abovementioned essentia! life processes that. take place in the living 
organism will be discussed in detail as follows, 


Transpira tion 


nee : 


Syllabus: Transpiration: Definition, factors (mention only) ; one simple 
experiment showing transpiration. 


52 Introduction : 

Terrestrial plants absorb water from the soil by the help of unicellular root 
hairs to perform different physiological functions, Generally the absorbed 
water is far more greater than necessity, Some amount of absorbed water is 
utilised for different metabolic functions of the plant body and the remaining 
portion of water is liberated in the form of vapour through the leaf, stem and 


Jenticel during the day time by a process called Transpiration, This process is a 


Physiological process of the 

Guard cell Plant body though it is partly 

N HS Spots by protoplasm and 

sunlight. In some cases excess 

transpiration is harmful for 
the plants. 


The leaves are the principal 
organs of transpiration 
through which release of 
water vapour and consequent 
loss of water takes place. The 
Fig. $1. VR ED excess is liberated through the 
i of priua nig a Gen Toots of plants by a process 

called leaching. In some 
garden nasturtium (Nasturtium spp.) 
tomato (Lycopersicon esculentum), etc. the scape of water takes place froin the 


margins of the uninjured leaves in the proximity of the veinlets or mid vain as dew 
drops is called guttation. It takes place through Aydathodes or water- stomata. 


cases in plants like Arum (Colocasia), 
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53. Definition of transpiration : 

The physiological process which is partly controlled by protoplasm 
and sunlight, the living land plants get rid of its excess water in the 
form of vapour through the aerial parts is called transpiration. 


Ir 


'Transpiratio,—Loss of water in the form of vapour from the 
internal tissues of aerial parts of plants. 


an 


2. Evaporation—$]ow loss of water molecules in vapour form from 
the free exposed surface into the unsaturated atmosphere. 

3. Gattation—Escap2 of water and mineral salts in liquid form 
through the water stomata or hydathoda present in th: tips or 
margins of leaves of some land plants. 


5'4, What is evaporation : 

Evaporation is a physical process in which water changes from a 
liquid to a gaseous form i.e., vapour, to the unsaturated atmosphere from 
the free exposed surfaces of the living and non-living bodies. 


Table No. 5:1 
Difference between transpiration and evaporation 


Transpiration 


Evaporation 


Transpiration is a physiologi- 
cal process. 
This process is controlled by 
protoplasm. 


Ittakes place in living land 
plants only. 


In the process of transpiration 
several pressures act on guard 
cells. 


It is a process mainly depen- 
dent on light and occurs 
mainly during the day time. 


This process is influenced by 
both external and internal 
conditions. 


It is of three types—stomatal, 
cuticular and lenticular. 


Evaporation is a physical 
process. 

This process. is not 
controlled by protoplasm. 


]t takes place among living 
and nonliving bodies. 


It is simply a loss of water 
molecules without involv- 
ing any pressure. 

It is a process which is not 
dependent on light and 
occurs throughout the day 
and night. 


This process is only influen- 
ced by external conditions. 


Types are not found in 
evaporation. 
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Transpiration is a modified process of evaporation controlled by 
the protoplasm. i 


Table No. 52 


Difference between Transpiration and Guttation : 


Transpiration 


It is the loss of water in the 


form of vapour through the 
aerial parts of the plant body 
controlled by protoplasm. 


Only pure water in vapour 
form comes out. 


It usually occurs in daytime. 


Transpiration occurs normally 
in presence of sunlight. 


It takes place mainly through 
the stomata. 


It is 


of three  types— 
stomatal, cuticular and 
lenticular. 


This process is regulated by 
living guard cells. 


Transpiration lowers down 
the leaf temperature to a 
considerable extent. 


It isa controlled phenomenon. 


. It takes place in all kinds of 
plants, 
plants. 


specially in the land 


10. 


Guttation 


It is the escape of water in 
the form of a liquid from 
the margins of the uninjur- 
ed leaves in the proximity 
of the veinlets or mid vein. 
Water containing inorganic 
salts and sugar comes out 
in the form of dew drops. 


It usually occurs at night. 


Guttation occurs normally 
in absence of sunlight. 

It takes place through the 
hydathodes or water 
stomata. 


It has no type. 


This process has no such 
regulation. 


Guttation has such 


relationship. 


no 


It is an uncontrolled phe- 
nomenon. 


It takes place in some spe- 
cial types of herbaceous 
plants eg., Arum, Balsam, 
garden nasturtium, etc. 
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55. Types of Transpiration : 

There are three types of transpiration based on the organs 
which are involved in the process—(i) Stomatal, (ii) Cuticular, 
(ii) Lenticular, 

(i) Stomatal transpiration : The loss of water vapour through 
the openings of stomata is called stomatal transpiration. Major portion 


(80—90%) of water in the form of vapour occurs through the stomata 
of leaves. 


(ii) Cuticular transpiration : The water vapour which is lost 
through the cuticle of the leaves directly, is called cuticular trans- 
piration. Some amount (10—20%) of water vapour is lost by direct 


evaporation from the epidermal cells through the cuticle of the leaves. 


(ii) Lenticular trans- 
piration ! Sometimes 
loss of water vapour takes 
place through the lenticels 
formed during secondary 
growth on woody stems 
and fruits is called 
lenticular transpiration. 
The lens shaped structure 
lenticel always remains Fig, 52. Structure of Lenticel 
open and helps for the escape of water vapour through the loose 
mass of complimentary cells. 


Lenticel 


ec ens EE sensations TCR" FITUSUTORONYITTETTIU SABIO ae RR. DES 
Types of transpiration :— 


l. Stomatal transpiration— Loss of water vapour through tha stomatal 
openings, 
2, Cuticular transpiration— Loss of water vapour through the cuticular 
. surfaces of leaves. 
3. Lenticular transpiration — Loss of water vapour through the lenticels. 


| 
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5'6. Mechanism of Transpiration : 

The stomata are the main pathway through which gaseous 
exchange between the leaf and the atmosphere takes place when they 
remain open during the daytime. But the gaseous exchange is checked 
when the stomata are closed during night. Thus the mechanism of 


transpiration is regulated by the mechanism of opening and closing of 
stomata. 


Structure of stomata: Stomata are the minute openings which 
are distributed on the epidermis of the leaves. Each ‘stoma consists 
of an opening surrounded by two semilunar specialised epidermal cells 
known as guard cells. The slit like opening of the stoma is formed 
when the two guard cells remain attached with each other by the 


a Single stom 


Stomata in surface 
view 


* DE Pore 
Guard cells 

Fig. 5'3. Lower epidermis of the leaf showing stomata, A 

highly magnfied stomata (extreme right). 

curved ends of their concave sides. The cell wall of the guard cells 
towards the side of the stomatal pore is thicker, but their cell wall 
lying towards the epidermal cell is thinner. Each guard cell is living 
and contains cytoplasm, nucleus and chloroplasts. The mechanism 
of transpiration can be. divided into the following three parts— 


(i Formation of water vapour! The water present in the 
vacuoles of the living mesophyll cells of leaf saturates the protoplasm 
and the cell walls. Water conducting tissues (xylem) of the vascular 
bundles continuously supply water to the mesophyll cells of the leaf. 
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Due to which evaporation of water will take place from the cell 
walls into the intercellular spaces of leaves, from where water in the 
form of vapour comes out by the utilization of solar-radiation. 
The vapour pressure of the intercellular spaces will increase by the 
addition of more water vapour from the mesophyll cells coming out 
through their cell walls. - Thereby it reaches a higher value than 
that of the vapour lying beyond the leaf, This vaporization process 
dissipates the solar energy to keep the leaf cool, without being des- 
truction due to over heating. 


(ii) Mechanism of opening and closing of stomata: The 
opening and closing of the stomata is mainly controlled by the 
changes in the turgor pressure of the guard cells situated on the 
epidermis of leaves. The stomatal aperture widens when an increase 
in the turgor of the guard cells occurs. But when the turgidity of 
the guard cells decrease, then the stomatal opening is gradually 
narrowed. As a result of increase of turgidity, the outer thin walls 
of guard cells stretch outwardly thereby causing outward stretching 
of their inner thick walls also. The inner wall being inflexible in 
nature it becomes concave and as a result a space surrounding the pore 
widens, and the stomatal pore opens between the two guard cells. 


Stoma closed Stomapartially open Stoma fully oben 


es ; Chloroplasts 


x 


D Thinouter wall E 


Fig. 5°4. Mechanism of stomatal movements. 
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The general concept of the mechanism of opening and closing of 
stomata is based on osmotic principle. According to this principle 
hydrolysis of starch present. in the guard cells occurs in presence 
of sunlight, whereby starch is converted into soluble sugar. This 
increases the osmotic concentration of the guard cells causing the 
stretching of the outer convex walls, and the pore opens. In dark- 
ness the above process is reversed leading to the closing of the 
stomatal pores. The reaction is favoured by the enzyme phosphorylase, 


present in the chloroplasts of the guard cells. 


T i Sunlight 
, Starch +Pi (inorganic phosphate) ——->Glucose-1-phosphate 
: Phosphorylase 
(darkness) 

The following scheme was proposed by Steward (1964) in connec- _ 
tion with the opening and closing of stomata. He Showed that for 
the closure of the stomata metabolic energy like ATP formed from 
aerobic respiration is necessary. 


The enzymes involved are 
hexokinase. 


Closing of 
Stomata Stanch 


wed | 


ADP Glucose , 1-Phoabhote 
Hexokinase 
ATP E ly 0: 


Glucose + Phosbhate -— — Gyeose 6- Phosphate 


phospho-glucomutase, phosphatase and 


Openmg of 
Stomate 


To explain the changes of osmotic potential of guard cell vacuolar 
sap several ideas have been put forward but none of them was found 
to be completely satisfactory. : Levitt (1974) proposed the potassium 
mechanism of the movement of stomata based on experimental 
evidences, which appear to be a more Satisfactory mechanism. It has 
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been demonstrated that exposure of leaves to light is accompanied 


by the transport of K* ions into 
guard cells from the neighbouring 


epidermal cells. In order to 


maintain neutrality Within - the 


guard cells some malic acid anions 
accumulates within the cell. This 
increased accumulation of 
Kt -ions (cations) and organic 
acid anions induces the osmosis 
of water from adjacent cells 
(epidermal cells) into guard cells, 
thus causing the increased turgor 
pressure necessary for the opening 
of stomata. 


According to Noggle and 
Fritz (1976), the light induced 
stomatal opening takes place by 
the following continuous Series 


of events : 


Leaf 


Sa 


— 
Epidermis Spongymesophyll Vein 
pidermis Spongy, call 


ween 


ee 


Transpiration stream | 
in stem xylem ; 


Root hair 


root hair 


fin ar 
Root cortex Root 
wis >A xylem 
B 
Fig. 55. Diagram showing water 


absorption, transpiration and the 
transpiration stream.. 
A——-»Water moving by osmosis from 
cell to cell. | 
p. —Water moving through cellulose 
cell walls. 


Light—-»Production of——>Dissociated——> Influx of K*-ions and 


Malic acid 


Turgor 
pressure <-— from the adjacent 


increased 


into H* & 
Malate ions 


Water enters by osmosis 


epidermal cells 


efflux of Ht -ions 
due to the exchange 
of H* & K* ions 
in plasma membrane 


| 


Y 
K* & Malate- 
«-— transported in- 
to the vacuoles 
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In dark the above continuous series of events is reversed, whereby 
stomatal closure takes place. 


(ii) Diffusion of water vapour through the stomatal pores : 
The stomatal pores of the leaves are the main pathway for the out- 
ward diffusion of water in the form of vapour in the transpiration 
process. When the stomatal pores open then the water vapour present 
within the leaf becomes continuous with the volume of air to the 
further side of the leaf. Due to this difference in concentration of 
water vapour in between the leaf and the volume of air to the further 
side of the leaf ie. vapour-pressure gradient, a driving force for 
diffusion of water vapour out of the leaf results. If during that 
diffusion pressure, the water vapour of the leaf increases than the 
bulk of air beyond the leaf, then transpiration will take place. So, 
when there is a greater vapour-pressure gradient, the higher will be 
the diffusion of water vapour through the stomatal pores. 


57. Factors effecting transpiration : 

The rate of transpiration is greatly influenced by some external 
and internal factors, 

External factors : 


(i) Light: The rate of transpiration effectively increases in 
presence of light and decreases in absence of light. Light causes the 
stomata to open. Due to this opening of stomatal pore the water 
vapour present inside the leaf is brought in contact with the outer 
atmosphere, Transpiration is therefore increased in sunlight. Further 
the intensity of light increases the temperature of the leaf affecting 
the rate of transpiration. Hence light is the most important external 
factor affecting transpiration causing opening of stomata and 
increasing the rate.of vaporisation of water. 


(ii) Temperature: Temperature has an indirect influence on 
the rate of transpiration. A rise in temperature causes a decrease 
in the relative humidity of the air, results in an increase in the rate 
of transpiration. Low temperature minimises the capacity of the 
air for moisture and consequently increases the relative humidity, 
thus, lowers the rate of transpiration. With increase of temperature 
upto about 30°C the stomata open widely whereby rapid rate of 
diffusion takes place. s 
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(iii Humidity : 
transpiration. 
in the air. 


rate of transpiration. 
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It is another important factor influencing 

Humidity means the amount of water vapour present 
Transpiration is more rapid, when the moisture content 
of the atmosphere is less i.e., the drier the air, 


the more rapid is the 


But in an atmosphere saturated with moisture 


(i.e., water vapour) the loss of water from the leaves is negligible i.e., 


the rate of transpiration is minimum. 


Therefore, transpiration rate 


is more during the sunny summer days than on cloudy rainy days. 


(iv) Wind: The rate of transpiration usually increases with the 


increase in the velocity of the wind. 


In the calm atmosphere there is 


a tendency of the water vapour to collect in the neighbouring areas of 


the transpiring leaves. 


This causes a decrease in the vapour pressure 


gradient and as a result of which the transpiration rate decreases. Dry 


winds lower the amount of air 
moisture by transferring the 
moisture from the immediate 
neighbouring areas of the plants 
and mixing it with dry air. 
Consequently, the humidity of the 
air in direct contact with the 
transpiring surface (i.e., leaves), 
remains low and transpiration 
rate is increased. At a very high 
wind velocity the transpiration 
rate decreases due to the closure 


RATE-OF TRANSPIRATION 


5 10 15 
WIND VELOCITY Km HOURS 


Fig. 5'6. Graph showing the part of 
transpiration due to wind velocity. 


ofthe stomatal opening. The rate of transpiration increases more 
when the gentle breeze i.e. wind having a speed of 2 to 5 km. per - 


hour, prevails. 
(v) Atmospheric pressure : 


A fluctuation in the atmospheric 


pressure causes an inverse effect in the rate of transpiration. Thus, 
when the atmospheric pressure is higher, then the rate of transpi- 


ration is lower. 


But a reduction in the atmospheric pressure i.e. in 


higher altitude the rate of transpiration is higher. 


(vi) Carbon-dioxide concentration : 
in carbon-dioxide free air the stomata remains open 
But in an increased CO, concentration the stomata 


presence of light. 


It has been showed that 
even in darkness. 
closes even in 


When a plant is illuminated i.e., during day time 


O 
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opening of the stomata takes” place rapidly because the level of 
COz-concentration is decreased by photosynthesis. 


(vii) Soil conditions : The rate of transpiration can be main- 
tained only if a considerable amount of water is absorbed by the roots 
from the soil to make up the loss. If absorption of water by plants 
from the soil lags behind, then there will be a decrease in the rate 
of transpiration. The factors which directly affect the absorption of 
water, will indirectly affect the rate of transpiration by plants. A high 
concentration of soil solutes. minimises transpiration, probably due 
to increased osmotic pressure of the plant cells. 


Internal factors : 


(viii) Leaf structure: Structure of leaf plays a vital role in 
storing water that is lost by traspiration. The number of stomata in 
leaves influences the rate of transpiration, The heavily cuticularised 
thick walled epidermis, waxy layer, epidermal hairs, shiny leaf surfaces, 

_ Sunken stomata, etc. checks the loss of water due to transpiration 
to a considerable extent. Transpiration also checked by dead hairs 
and scales, which acts as a mechanical barrier against light. Mucilage 
filled mesophyll cells also minimises the transpiration rate due to 
their greater water ‘holding power. The compactness of mesophyll 
tissues and air spaces within the leaf affecting the rate of transpiration. 

(ix) Distribution of root system: Water absorption from 
the soil by the plants depends upon the arrangement of underground 
root system, which influences the rate of transpiration. The efficiency 
of absorbing surface i.e., root System and transpiring surface i.e., leaf 
surface control the transpiration rate, 

(x) Influence of hormones : Cytokinins, abscissic acid like 
plant hormones influences the opening of stomatal 
the permeability of cell membrane to K+ ions. 

58. Significance of Transpiration : ; 

Water plays an important role in maintaining the normal life of 
the plant, yet a huge amount of water is being lost by the plants due 
to transpiration. But (he continuous loss of water by plants during 
dry condition may cause a harmful effect, Still land plants have to 
transpire to maintain the vital physiological process of the body. But 
the loss is accepted because the beneficial effect of transpiration is 


pore by promoting 
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much more in number than the harmful effect. Hence, transpiration 
is called *a necessary evil." 

The importance. (significance) of transpiration in the life of plants 
are as follows : 


(1) Role in the movement of water: Due to active trans- 
piration from the leaves diffusion-pressure-deficit (DPD) in the 
mesophyll cells increased, whereby it favours the movement of water 
through the xylem vessels. 


(2) Rolein the absorption and upward translocation of 
mineral salts: The mineral salts after absorption from the soil 
moves from one cell to another cell and finally after entering the xylem 
vessel mixed up with water. As a result of active transpiration from 
theleaves a suction force is created which helps in the upward 
movement of the mineral substances to the top of the talltrees 
through xylem. : 


(3) ‘Role in the distribution of water: Transpiration from 
the leaf surface helps in the distribution of water everywhere within ` 
the plant body. 


(4) Role in reducing the temperature of leaf: Transpiration 
helps in the dissipation mechanism in the leaves to prevent the rise of 
high temperature and therefore reduces the temperature of the leaf to 
keep them cool. Thereby over heating of the leaves prevented. 


(5) Role in giving out excess of water absorbed by the 
plants: Transpiration helps in giving out excess of water absorbed 
from the soil by the plants.which would otherwise clog the intercellular 
spaces of the leaves. 

(6) Role in maintaining optimum degree of turgor in. 
cells: The concentration of the cell sap increases due to transpira- 
tion whereby it helps to maintain the optimum degree of turgor in cells. 


5:9. A. Experiments of Transpiration : 
A. Bell-jar experiment to demonstrate that water vapour 
is given off by plants during the process of transpiration : 
: (a) Requirement: A healthy potted plant, a bell-jar, a plastic 
sheet, a string, a big glass slab, vaseline. 
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(b) Experiment: A healthy potted plant is taken. In order 
to prevent water loss by 
evaporation from the soil 
of the pot, it is covered 
S completely with a plastic 
y Water Droplets ^ sheet and is tied with the 
plant by the help of a, 
String. After that the 
whole potted plant is 
placed on a table over a 
big glass slab. The pot 


RubberShest ^ including the plant is next 
-Thread 


'Beljar 
Potted Plant 


covered with a bell-jar. 
To make the edge of bell- 
jar airtight, it is sealed 
with vaseline. The whole 
apparatus is then kept 
: in bright sunlight for 
Fig. 5'7. A bell-jar experiment. observation. 


TITTEN 


As a control another pot is taken with a dry stick without leaves. 

-(c) Observation: After sometime it is observed that a few 

drops of water collected 

in the inside. surface of 

- the bell-jar. A pinch of 

anhydrous copper sulphate 

` powder is sprinkled in it 

to show that the drops 

collected on the inner 

surface of the bell-jar is 
nothing but water, 


But in the control no Fig. 5'8. Experiment demonstrating loss of 
: Pikes water due transpiration. Left figure—Normal 
appea â : 
monu eae Ri = experiment, Right figure—A contro! with 
the surface of the bell-jar. E Pec Nit laavas 


(d) Inference: This shows that the moisture or water drops’ 
have come out from the leaves of the potted plant due to trans 
piration. There.is no chance of moisture coming out from the soil 
surface as it is covered by plastic sheet. The water vapour liberated 
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by transpiration condensed to water droplets when comes in contact 
with the cold inner surface of the bell-jar. 
E M M M 
By means of absorptive paper saturated with cobalt thiocyante 
transpiration can be experimentally demonstrated. When free from water 
cobalt thiocyanate is blue but when combines with water it takes pink 


colour. 


s € À—À Y M Án HH P 


B. Measurement of Transpiration rate by weighing 
method : : 

(a) Requirements: Long petioled Arum leaf, one conical flask, 
water, cotton, scalpel, olive oil, pan balace, and weight box. 


(b) Experiment: A conical flask is taken. It is filled up with 
water upto its neck. A long ; 
petioled Arum leaf is placed with 

` in the water. Before introducing 
the petiole of the leaf partly cut 
under water to maintain conti- 
nuity of water columns. Now 
some olive oil is placed on the 
surface of Water to prevent 
evaporation from the exposed 
water surface. 


The whole set up is weighed by 
the help of a pan balance. Then 
the conical flask is placed for 
one hour ina suitable place for 
transpiration. 

(c) Observation : The whole 
set up is weighed again after 
l hour. It will be observed that 
the second weight is lesser than Fig. 5'9. A simple experiment to 
‘the first weight. demonstrate the rate of transpiration. 


Suppose the first weight is w; gm. and the second weight is wa gm. 
The difference between w;—ws will give the loss of water due to 
transpiration in an hour. 
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(d) Inference: The petiole of the leaf absorbs water from the 
conical flask, and next transpires the excess water in the form of 
vapour through the leaves. There is no chance of water loss from 
the conical flask as the water surface is covered by olive oil. Hence 
it proves that loss of water takes place due to transpiration. 


SUMMARY 


Transpiration is the process to get rid of excess water in the form of vapour 
through the aerial parts of the plant body. There are three types of transpira- 
tion noted i.e., stomatal, cuticular and lenticular. When evaporation of water 
takes place through the stomata of the leaves called stomata] transpiration, the 
principal form of transpiration. Stomata are the main pathway through which 
the gaseous exchange between a leaf and its environment takes place. The 
guard cells of stomata controls the process of transpiration by opening and 
closing its pore. The mechanism of transpiration takes place in the following 
three stages—formation of water vapour, opening and closing of stomata and 
diffusion of water vapour through the stomatal pores. The interna] atmosphere 
of Jeaves utilized the solar-radiation. for the process of evaporation of water 
from the mesophyll tissue. The opening and closing of stomata are based on 
osmotic principle. The hydrolysis of starch takes place in the guard cells in 
presence of sunlight, to convert it into soluble sugar to incréase the turgor 
pressure of the guard cells, This causes the opening of the stomatal pore. 
When there is a grater vapour pressure gradient in between the leaf and the bulk 
of air beyond the leaf then dicusion of water vapour from inside the leaf will 
take place. There are Several factors which effects transpiration. The external 
and internal factors are Light, Temperature, Humidity, Wind, Atmospheric 
pressure, Carbondioxide concentration, Soil condition, Structure of leaf, distri- 
bution of root system and influence of hormones. 


THINGS TO REMEMBER 


* 1. Transpiration is the loss of water in the form of vapour from the 
internal tissues of the aerial parts of plants. 


2. Transpiration is partly controlled by protoplasm and sunlight. 


3.  Evaporation is the loss of water in the form of vapour to the unsatura« 
ted atmosphere from the free exposed surfaces. 


4. QGuttation is the process during which escape of water and mineral salts 
in liquid form occurs in certain land plants. 


5. Transpiration occurring through stomata is called stomatai transpiration. 


6. Transpiration occurring through the cuticular surfaces of leaves called 
cuticular transpiration. 


7. Transpiration occurring through the lenticels formed generally over the 
dicotyledonous stem during secondary growth is called lenticular transpiration. 
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8. Guttation takes place through the water stomata or hydathodes present 
in the tips or margins of leaves. 


9, The light dependent process of stomatal transpiration takes place during 
the daytime. 


10. The opening and closing of stomata is the mechanism of transpiration. 

11. The mechanism of transpiration is divided into three parts—/ormation 
of water vapour, mechanism of opening and closing of stomata and diffusion of 
water vapour through the stomatal pores. 

12. The general concept of the mechanism of opening and closing of 
stomata is based on osmotic principle. 

13. The osmotic potential of Guard cells increases during daytime in 
presence of light, whereby the stomatal pore opens. 

14. The stomatal pore opens when the turgidity of the guard cells increases, 
during which the stretching of the outer convex walls take place. 

15. In darkness as the osmotic potential decreases, due to the formation 
of starch, the stomatal pore closes. 

16. A scheme in connection with the opening and closing of stomata was 
proposed by Steward (1964). Metabolic energy like ATP required for the 
closure of stomata. 

17. Levitt (1974) proposed the potassium ion mechanism of the movement 
of stomata. 

18. In potassium mechanism it has been demonstrated that exposure of 
leaves to light is accompanied by the transport of K* ions into guard cells from 
the neighbouring epidermal cells. 

19. A series of events in connection with the stomatal opening proposed 
by Noggle and Fritz (1976). 

20. Several external and internal factors effects transpiration which are as 
follows i—light, temperature, humidity, wind, atmospheric pressure, carbon 
dioxide concentration, soil conditions, leaf structure, distribution of root system 
and influence of hormones. 

21. In the following processes, transpiration plays important roles :— 

(i) in the movement of water, 

(ii) in the absorption and upward translocation of mineral salts, 

(iii) in the distribution of water, 

(iv) in reducing the temperature of leaf, 

(v) in giving out excess of water absorbed by the plants, 

(vi) in maintaining optimum degree of turgor in cells, 


Bio. (5th)—2 
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PHOTOSYNTHESIS 


Syllabus: Photosynthesis : Components—CO, and H,O (with their 
sources), chlorophyll and sunlight ; mechanism—outline of light and dark 
reactions ; brief idea of entrapping of solar energy by chloroplasts (names of 
enzymes not required) ; significance of photosynthesis, 


5°10. Introduction : 


All the living organism needs energy to perform their diferent normal 
metabolic functions, Food is the source of energy of the living body. That 
potential or stored energy during the oxidation process respiration is converted to 
Kinetic energy, whereby necessary energy is supplied to the living body. The 
green chlorophyllous organism by means of a.special physiological function 
produces foods. During that process the solar energy is stored within the food 
as potential energy. That special physiological function is called photosynthesis. 
The process is one of the remarkable activities of a green plant living cell. 


Datruchet (1837) first showed that the green parts of a plant were essential for 
photosynthesis. 


The term ‘photosynthesis’ (photos, light, synthesis, building up) was coined 
by Barnes in the year 1898. That is, the synthesis of any product is called 


Pry Atmosphere 
Carbondioxide 


Plant and animat 
respiration 


Vitamin 


Fig. 5°10. Diagram showing the formation of different organic compounds 
from glucose which was also formed by the process of photosynthesis. 


photosynthesis, The green cells synthesise enormous amount of food materials 
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with the help of light energy, preferably available from the sun, Carbohydrates 
which are produced as a result of photosynthesis constitute the basic raw 
materials, which directly or indirectly give rise to all types of organic compounds, 


which are needed for entire living world. Some of the organic compounds are 
shown in the figure 5.10. 


511. Brief history of Photosynthesis : 


In the year 1648 the Dutch physician J. B. Van Helmont carried 
out experiment in order to explore the nature of photosynthesis, His 
observations suggested that the reason for increase in willow plant was 
due to intake of water. He was, however, ignorent of the fact that 
gases in the air can also act as a factor in the increase of willow plant. 
Afterwards, in the year 1727 Stephen Hales gave suggestion that it 
was through the leaves by means of which plant draw in nourishment. 
He also pointed out that light also play an important role in the 
plant nutrition. Priestley in the year 1772 showed that purification 
of air is caused by green plants. The Dutch physician John Ingen 
Housz (1773) demonstrated that green plants could purify air in 
presence of sunlight. Later, Antoine Lavoisier, a French chemist 
discovered the presence of carbon dioxide in the impure air. In 1804 
de Saussure showed that Sreen parts of plants absorb CO, and 
liberate out O,. “Starch is the first visible product of photosynthesis"— 
Was propounded by Sachs. According to him it was the chloroplasts 
Which were concerned in the fixation of carbon dioxide and liberation 
of oxygen in presence of light. Later on, it was known that the 
Process in which CO, is taken up and later on transformed into 
Complex molecule of carbohydrate is known as carbon assimilation. 

512. Definition ot photosy nthesis : 

An anabolic photochemical as 


well as a biochemical process by 
Which plants containing chlorophyll 


pigments in between the granaplates 
of chloroplast, located in the mesophyll tissue of leaves, prepare 
carbohydrate t Jp? of food matters with the help of water from the soil 
and carbon.dioxide from the atmosphere in presence of sunlight rich in 


chlorophyll activating highly energised invisible Particles (photons) is 
called photosynthesis, 


Why Photosynthesis is called an anabolic process? The 
metabolic process by means of which increase in dry weight of the body 
of the living organism. occur is call:d anabolic process, By the process 
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of photosynthesis, the complex substance glucose is produced in the 
chlorophyll due to the utilisation of simpler substances like soil water, 
atmospheric carbon dioxide, energy from sun etc, whereby increase in 
dry weight of the plant body takes place. Hence, photosynthesis is 
regarded as an anabolic process. 

What is carbon assimilation? During the dark phase of 
photosynthesis the carbon of carbon dioxide of the atmosphere is utilised 
in the preparation of glucos? (C&H,9O,). The inclusion of carbon in 
the cell component from the atmospheric carbon dioxide is called carbon 
assimilation. As the carbon assimilation process occurs during 
photosynthesis in presence of light, hence photosynthesis is also 
called carbon assimilation ice, as the photosynthesis concerns 


mainly with the assimilation of carbon in presence of light, hence 
known as carbon assimilation. 


5°13. Organ of Photosynthesis : 
Photosynthesis mechanism occurs within cell organelle chloro- 


plastid ie plastids con- 
taining chlorophyll present 
Within green plants (vide, 
page no. 90). Chloroplast 
comprises of double 
membrane body which 
acts asa selective carrier 
ui to the movement of cellular 

Outer membrane - 1 membrane metabolites in or out of 
Lipophilis globuli thylakoi | A a The 
stroma membrane is an unit 

membrane and is approxi- 


mately 50—70A thick, 
The proteinaceous liquid 
matrix is called stroma. 
Thylakoids are membrane 
bound saclike structures 
embedded ^ within the 
stroma, Thylakoids 
Fig. 512, Diagrams of chloroplasts (above arranged in stacks consti- 
three dimensional) showing the inner structure tuté the grana which are 


with the grana in stack perpendicular : 
to the surface. further interconnected by 


Gronalamellse Starch grain N-Stroma lameles 
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membrane bound channel like structures called stroma lamellae. Inner 
surface of the thylakoid bear distinct morphological structures called 
quantasomes,* These 
quantasomes bear many 
chlorophyll molecules and 
accessory pigments which 


are capable of capturing Quantasome 
and converting the solar 

energy into chemical 

energy thus acting .as Pigments 
photosynthetic unit. In 

case Of photosynthetic Reaction site 


bacteria, the necessary 


pigments, enzymes are 
located in vacuolar mem- Fig. 5'13. Internal structure of thylakoid 


showing granum, quantasome and reaction site. 
brane enveloped structure e 5 


called chromatophores. Light reaction occurs within the grana while 


dark reaction occurs within the ground substance stroma of the 
chloroplast. 


514. Site of Photosynthesis : 


The distribution of starch in a variegated leaf demonstrates that 
Photosynthesis can only take place in the green parts of a plant (a 
variegated leaf is that which lacks chlorophyll). So the leaves contai- 
ning chlorophyll can only photosynthesise. Chloroplast containing 
chlorophyll is present in abundance in the mesophyll tissue of the leaf. 
So the cells of the mesophyll tissue are the main site of photosynthesis. 
But any green part of a plant body is able to photosynthesize. So to 
Some extent photosynthesis also occurs in the green part of a growing 
stem eg. Cpuntia dilenii (B. Phanimanasha), Lagenaria (B. Lau). 
Photosynthesis also takes place in the thalamus of flower which is a 
modified stem, in the roots, in serals, in the roots of orchids due to 
the presence of a spongy tissue termed velamen, and also in unicellular 
organisms like Euglena, Chlamydomonas, etc. 


Higher plants carry out photosynthesis in membrane bound 
Structure chloroplasts. -The efficient capture and transference of light 


* The term ‘quantasome’, the photosynthetic units named by Park and 
Bigeins (1964). 


5-22 À TEXT BOOK OF BIOLOGY 


energy results from the aggregation of pigments into groups of several 
hundred chlorophyll molecules and small number of accessory pigment 
molecule like biliproteins, carotenoid, etc. which function as independent 
photosynthetic unit. These photosynthetic units are present in some 
small particles in the membranous granum disc and are called quant- 
asomes, The second stage of photosynthesis occur within the stroma of 
the chloroplast. In blue green algae and certain bacteria photosynthesis 
oceurs in the chromatophores, In aquatic plants dissolved CO, and 
H30 diffuse throughout the tody surface. (Vide Fig. No. 5°32) 
$15. Structure of mesophyll tissue : 


In between the upper and lower epidermis a layer of mesophyll tissue 
is present. These living cells contain chloroplasts. The cells are-generally 
of two types. Palisade cells are those which are present beneath the 
upper epidermis. These tissue system is not compact. Intercellular 
Spaces containing air is present within them. The cells are densely 


Upper epidermis 


Carbon dioxide dissolves 
in film of water on outer 
Surface of cells 


Infercellular space 


©) 


lower epidermis f CIS eN 


i PEER ETÀ m ctOMpbrT--------- 
j Cárbon dioxide 1 1 Oxygen diffuses out) 
| diffuses in- Used | [continually produced i 
| p as fast as if enters, ] ! by photosynthesis, ! 
i 
| 


[so mai j 180 maintaining i 
diffusion gradient j Lo/ffusion gradient 


! 

irse dcos LUI 
Fig. 5°15. Diagrammatic section of part of a leaf showing gascous exchange 
through stoma during photosynthesis, 

packed with chloroplasts. Spongy mesophyll cells are present in between 
the palisade layer and the lower epidermis. They are arranged in a 
scattered manner and are irregular in shape and size. They also contain 
chloroplasts but fewer than the palisade cells. So the lower side of 


a. ME 
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the leaf looks paler than the upper side. Large air spaces are present 
between the spongy mesophyll cells. The air spaces are responsible for 
free diffusion of gases between the cells which enters through stomata. 


Adaptation of leaves for photosynthesis : These are— 

1. Leaves are generally flat and they present a large surface area 
to the light. 

2. The midrib and veins of leaves are surrounded by tissues which 
impart strength to the leaf and maintain the original shape. 

3. A thick cuticle is present on the upper surface and a thin 
cuticle on the lower surface to prevent excessive water loss due to 
this large surface area. 

4. Stomatal openings are present through which exchange of 
gases takes place with the atmosphere. 

5. A network of veins supply water to the photosynthetic cells and 
a quick disposal of photosynthetic product. 

6. Intercellular air spaces allow easy diffusion of gases throughout 
the whole leaf. 


516. Components of Photosynthesis : 

The components of photosynthesis are carbon dioxide (COg), water, 
chlorophyll and sunlight. 

1. Carbon dioxide: Terrestrial plants acquire gaseous CO; from 
atmosphere through the stomata of the leaves which later on enters the 
mesophyll tissue of leaves. COs can also enter a plant body by means 
of lenticel and cuticle. COg at first dissolves with the cuticular 
substances and enters the leaf by means of the process diffusion, Now 
due to the chemical reaction between water and CO; in the inter cellular 
spaces carbonic acid is formed which is harmful for protoplasm. That 
is why it is degraded to form bicarbonate. The cell wall of the nearby 
cells of the intercellular space receive this bicarbonate which by 
diffusion enters the cell and then chloroplast. Most of the gaseous 
CO, needed for photosynthesis is obtained from atmosphere by the 
plants (Fig. 5.16). Further, the CO; obtained by respiration and other 
metabolic reactions may also act as the source of CO, for photosyn- 
thesis. During the day time the stomatal pores generally remain open 
and through them gaseous COs enter the leaves. In cases of submer- 
ged aquatic plants CO, enters the plant body by means of diffusion 
through the plant surface. — 
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The amount of CO; in the atmosphere is about 0.03—0'04 percent. 
In the mesophyll tissue of leaf water is present. This water along 


panie 
pil 
TT 
HIM. ^ 
Min 4 

; M 
Water vapour ae 


Atmospheric 
Carbondioxide 


a 


Fig. 5°16. Components of Photosynthesis, 

with carbon dioxide form carbonic a 
presence of sunlight the carbonic acid i 
This COg is used up in photosynthetic 
2. Water : 
osmosis from the soil through the unice 


cid (CO --H,0—H,CO;). In 
S again forms CO, and HgO. 
mechanism. 

Generally plant take in water by the method of 
llular root hairs, This absorbed 
er On are transported by several 
S of the mesophyll tissue of leaves. 


water reach xylem vessels and lat 
phenomenon to the intercellular space: 


O WAT 
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From the cell:wall water by the phenomenon diffusion is transported to 
the cell, then to the chloroplast. Plant obtain its necessary amount of 
water from the soil. Apart from this source of water in photosynthesis 
are the water obtained due to respiration and other metabolic functions. 


. About 19% of the total amount of water is required by plants during 


photosynthesis. The solar energy is transformed into chemical energy 
by the chlorophyll molecules, The electrons of chlorophyll molecules 
gets excited by the sunrays and water molecule breaks up into H* ion 
and OH- ion by means of light activated chlorophyll. From OH™ ions, 


-@ygen is formed, later on which is also liberated out. The method of 
"splitting up of water by means of light activated chlorophyll is called 
_ photolysis. 


NADP+ (Nicotinamide Adenine dinucleotide phosphate ) is 
converted to NADP*(NADPH) taking the H* ion. 


NADP.H5 


es. 5 Hydrogen-ion H 
j^ sol 
P etm Mc o UR 
eos 3 oro, 
eee molecule 


Hydroxyl- ion OH E Yo 
Chemical energy m (electron) 
TP ww , 
(denosirie Triphosphate) OFEradical n. di 


(Water) H20 
Liberatedintheatmosphere (Oxygen) 
Fig. 5°17, Fixation of solar energy and its uses in the photosynthetic process. 


3. Chlorophyll: In the year 1818 a scientist named Palletier 
named the green coloured pigments present in plant cell as chlorophyll. 


“Chlorophyll is present in the mesophyll tissue of leaves. Photosynthesis 
„occurs within the chloroplasts. Plants may contain two types of 


pigments—green coloured chlorophyll and yellowish red coloured 


^rarotenoid. Chlorophylls are of two types—chlorophyll a and chloro- 


Phyl! b, of which the former is present in abundance. Carotenoids 
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are of two types—orange coloured Carotene and yellow coloured 
Xanthophyll, Apart from these chlorophyll c, d and e are also present. 
Other photosynthetic pigments are blue phycocyanin: and lavender 
red phycoerythrin, The chemical formulde of different photosynthetic 
pigments are given below. 


Chlorophyll a—C; 5H, 205N, Mg 

Chlorophyll b—C 55H, 9069 N,Mg 

Carotene—C, ; H; 

XanthophyllI—C,;H 5605 

Phycocyanin—C, 4H4408N, 

Phycoerythrin—C 34HygOgN, 

Chlorophyll atoms are arranged in a circle with the help of four 

Pyrrole rings, with Mg atom at the centre, Along with the pyrrole 
Ting is attached Phytol (a type of alcohol), : 


4. Light: Energy required to perform the mechanism of photo- 
Synthesis by plants is obtained from the energy of solar radiation. 


This physiological function of plants can be performed by obtaining 
sufficient energy from external source. Sometimes sufficient light energy 
from powerful bulbs or 
other means may also act 
as the source of light. 
That is why it is easy to 
understand why photo- 
synthesis do not occur at 
the night, — Even the 
Reflection stomatal pores are closed 
aari at night. The coloured 
pigments absorb the red, 
blue and violet rays of 
sunlight. Of all the photo- 
synthetic pigments, only a 
Special form of chlorophyll 
4 termed P—700 can 
utilize light energy directly 
in photosynthesis. So this 
Other pigments are called accessory 
tion, about 5% pass out through the leaf. 


Fig. 5°18. Use of solar energy, 
is called primary pigment. 
pigments, Of the solar radia 


NEE | 
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13% gets reflected and 82% is absorbed by the leaf. Again 4% of the 
82% that is absorbed by the leaf is further absorbed by the chlorophyll. 
In fact light is composed of highly energised invisible particles called 
quanta or photon which are capable of activating the chlorophyll 
molecules. 

Nature of light and its absorption by pigments : According 
to ‘Corpuscular theory’ formulated by Sir Issac Newton (1666), light 
consisted of streams of minute particles of different colours which are 
remitted at a great speed from the source, obeying the principle of 
rectilinear propagation. But Newton’s corpuscular theory failed to 
explain the laws of reflection and refraction, later on explained by 
“Huygens” in his ‘Wave theory’, which stated that light particles move 
in the form of wave. The Electromagnetic nature of light was later 
on revealed by James Clark Maxwell according to which waves 
of all radiations, including light are of electromagnetic nature. Electro- 
magnetic radiation is emitted by matter in discontinuous units called 
photons bearing energy called quantum. 

All organic substances absorb light, but coloured pigments absorb 
only visible light. Absorption spectrum is the process of absorption 
of light at different wave length by its object. Studying the absorption 
Spectra of chlorophyll a and b it is revealed that these pigments absorb 
red and blue regions of spectra chiefly. 

When a photon and a chlorophyll molecule are in collision the 
state of excitation starts. With the exit of its outer valence electrons 
into high energy orbit it comes to an excited singlet state, Release of 
radiation energy by this electron to return to its ground state is known 
as fluorescence, It may. also get transferred to the immediate higher 
energy level by loss of extra energy in the form of heat. This may 
be called as a triplet, state. An electron may return to the ground 
state from triplet state by the loss of energy in the form of radiation. 
This process is called phosphorescence. 

Chlorophyll molecules utilise the visible radiation by absorbtion 
of effective ‘wave length of light bringing about the photosynthetic 
mechanism. 

517. What is Phosphorylation ? 

Definition : The process of esterification of compounds with phos- 
phoric acid is called phosphorylation. In the year 1954 Arnon et al 
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showed that production of ATP in presence of light could be caused 
by isolated chloroplasts. This phenomenon was considered to be 
photophosphorylation. So in chloroplasts the entire mechanism of 
conversion of light energy to chemical energy goes on. 


light 
ADP +Pi ——————-» ATP 
chloroplast 
(ADP-—adenosine diphosphate, ATP— adenosine triphosphate and 
Pi—inorganic phosphate.) 


So from this it was revealed that mitochondria were not only the 
cytoplasmic particles capable of formation of ATP. The formation of 
ATP in chloroplast differ from that in mitochondria in that it is 
independent of respiratory oxidations. In this case light energy i5 


converted to ATP which is all the same as light energy being converted 
to chemical energy. 


There are two kinds of photophosphorylations, (i) Cyclic—lt takes 
place independent of the photolysis mechanism of water and is not 
accompanied by evolution of oxygen. (i) Noncyclic—It is linked to 
both formation of reduced pyridine nucleotide and also the photolysis 
of water, 


light 
NADP*+ADP+Pi+H30 ———-> NADPH+ATP +40, +H*. 
chloroplast 


The above equation is showing photolysis of water in the 
chloroplast. 


5°18. What is photophosphorylation ? 

Definition : The transformation of low energy phosphate 
ADP into ATP with addition of energy as well as phosphate 
ion with the aid of solar energy is called photophosphor ylation. 

5.19. Mechanism of Photosynthesis : 

Photosynthesis isa complex mechanism. The process is concerned 
with the assimilation of carbon in presence of light, hence it is called 
also as carbon assimilation. During the process CO, is reduced upto 


the level of carbohydrate. The process is also involved in liberation of 
oxygen as a byproduct, 


The overall equation for the process jg : 
sunlight 


—> CoH 130, +6 
chlorophylf ices) CUL S ek 


6CO; -- 12H40 
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Formation of glucose in photosynthesis involves a series of reactions 
which occur in light as well as in darkness constituting the light phase 
and dark phase respectively. The fact that, photosynthesis occurs 
by two stages was shown by scientist Blackmann in the year 1905. 

| Light phase : The reductive (comprising of several photo- 
chemical phase of photosynthesis) reactions that take place in presence 
of light within the grana is called light phase. Water, chlorophyll and 
light are necessary for this phase and ATP, NADPH;, H20 and Os 
are formed. This phase invo'ves different stages such as Activation of 
chlorophyll, Photolysis of water, Production and evolution of Oo 48 by- 
product and Production of reduction power. 


In presence of light Inabsence of light 


e 


Ce; LY 


SS Of 9I 


77 


MA 


rig. 519. Diagram showing the diferent chemical reactions in a 
leaf in presence and in absencé of light. 

1. Activation of chlorophyll : Light phase initiates with the 
absorption of light energy by the chlorophyll mo!ecule when the, 
pigment gets promoted to a higher energy level. The chlorophyll 
mo'ecules are said to be activated. by the highly energised invisible 
sotar particles called photons. 
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. These pigments which are involved. in photosynthetic mechanism 
form the two Pigment Systems. Chlorophyll-a molecule generally 
form pigment system | (PSI) which can be activated by light of 
wave length 700nm. Other type of pigments, like chlorophyll-a, 
chlorophyll-b, carotene and xanthophyll: form pigment’ system Il 
(PSI). PSII 


can be activated by light rays of wave length 680nm. 
Function of PSI is formation of NADPH, and that of PSII is splitting 
up of water and formation of oxygen. 


2. Photolysis of water : When water comes in contact with 
the light activated excited chlorophyll molecule it splits up into H* and 
OFT ions, An electron is liberated from the OH- ion and the chloro- 
phyll molecule returns to its normal stage after obtaining that 
electron (e^). Now OH radical is formed. This (OH) part gives rise 
to oxygen which is released in the environment and also water. The 
phenomenon of splitting up of H,O into H+ ion and OH- ion by means 


of light activated chlorophyll is called photolysis of water. This is 
also called Hill Reaction after the name of the scientist Robin Hill. 
The reaction is— 


Activated chlorophyll+HyO —> H*-FOH- + normal chlorophyll. 


0 ——————Ó H* x 7/1 
Hy EEEE +OH + Stable Chlorophy. 
aK 
OH Radical 


up nd ALO Oxygen 
r 


Fig. 520. Photolysis of water. 
3. Production and evolution of oxygen as by-product: 
The OH- part gives rise to oxygen and water. This oxygen is liberated 
in the environment. 
4e^ ^ 
4[OH7] — 4[OH[ —— 2H50, — 3 24,040, 4. 


4. Production of reduction power: ATP (Adenosine tri- 
phosphate) and NADPH, (Reduced nicotinamide adenine dinucleotide 
phosphate) formed during light reaction reduces CO; to carbohydrate 


eee 
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5-31 
during dark reaction. So NADPH, and ATP together is called 
reduction power. 

(à) NADPH, formation: From light activated 
P 700nm during light reaction highly energised electron (e^ 
This e~ is carried on by severa 


1 1 carriers and at 
ion formed due to photolysis of water, 


chlorophyll 


) is liberated. 
last in presence of H* 
reduce NADP to NADPH;. 


NADP +2e7 +2H* —> NADPH, 
H20 


Energised 
Carbon 
Compound. 
Carbohydrate 


Fig. 521, The complete process of Light and Dark reactions of 
Photosynthesis is shown in the chart. 
(b) «ATP formation — 
‘the electron by the carriers. 
ATP is formed from ADP 


Energy is liberated during the carriage of 


In presence of this energy rich compound 
(Adenosine diphosphate) and inorganic 


+ nary 
n R : 
t Garbon - CO, NADPH;*ATP > Glucose 
dioxide - Chloroplast 

cytoplasm 


Fig. 5°22. Flow sheet of solar energy in the form of photon 
particles of Photosynthesis within chi 


i oroplast. 
whosphate (pi). The process .of ATP. synthesis in presence of light 
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during photosynthesis is termed as photophosphorylation. 


This occur- 
in the grana of chloroplast. 


Photophosphorylation are of two types—(i) Noncyclic photo- 
phosphorylation and (ii) Cyclic photophosphorylation, 

1. Non-cyclic photophospho-ylation: In this process the 
electron which is liberated from the light activated chlorophyll 
(P-680nm) of photosystem—If (PSII) is carried on through different 
carriers like Y, B plastoquinone, cytochrome bę, plastocyanin and 


cytochrome-f. Then it reaches the chiorophyll P—700 nm of photo- 


system—I (PSI). During the transport of electron by the different. 
carriers ATP is formed. 


bj [x] 


ADP+Pi 
$ à ATP ded 
n 
e e pbi: WAP +H* 
PN ATP. NADPH2 
2e we Ww 
Q e 2e 
yo SN PG 
PS-I 
CMT Ta Es 
Ht 
iU | psa 
H20-*4e-| p -690 


OW. 


! 
Light Ene 
| Isom j 


e ees ca aim Dn ej up sp ae rine 
| 
yx 
S 
3 


Y i A, 
V-Noncyclic photophasphorylation ——3 Cyclic photophosphorylation £ 


Fig. 5°23. Scheme for the series formulation of photosynthesis (cyclic 
photophosphorylation and Non-Cyclic photophosphorylati on). 
Chlorophyll-b—of PSII liberates an electron which helps in bring- 
ing the chlorophyll-a pf PSI to a stable condition, Excited chlorophyll- 
b interacts with water] to form H+ and’ OH- ion due to splitting up of 
water. H* ion joins with the highly energised electron (e~) of chloro- 
phyll-a of photosystety T (PSI) to form reduced NADPH. From the 
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OH- ion (hydroxyl ion) an electron is liberated which after adding with 
chlorophyll-b brings it to a normal state, Hydroxyl (OH) radical 
formed thus gives rise to oxygen and water. This Og gas is liberated 
out to the atmosphere. 

ATP formed act as the source of energy during dark reaction and 
NADPH, as the source of hydrogen, which functions as a reductant. 

2. Cyclic photophosphorylation : The electron liberated from 
the chlorophyll P-700nm of Photosystem-I (PSJ) is carried by several 
carriers like—unknown carrier X, Ferredoxin, Cytochrome b 563, 
Cytochrome f, and then returns to the same chlorophyll whereby it 
comes to its normal state. So energy liberated by the electron during 
this time helps in photophosphorylations. During this photophos- 


12 MOL. 
2MOL A 
Morem e oe RADAR [uon 


2 MOL jon 
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hydroxyl 
radical 


Solarenergy above 680 nm, Solarenergy below 
Wavelength 680nm wavelength 
Fig. 5°24. Photochemical reaction of photosynthesis 
(non cyclic photophosphorylation). 


phorylation process highly energised ATP molecules are produced. 
This process of ATP synthesis associated with cyclic flow of electrons 
is termed as cyclic photophosphorylation. 


IL Dark Phase: In the year 1905, Blackmann observed that 
under certain conditions the rate of photosynthesis cannot be accelerated 
by merely increasing the intensity of light. So it was evident from 
this that a dark phase is present. This reaction may be. called as 
Blackmann reaction after the name of the scientist. 


The components formed in the light phase i.e... ATP and NADPH, 
are needed during this phase as energy source and reductant. Thi 
phase does not require light and occur in the stroma of chloroplast. 


Bio. (5th)—3 
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The dark phase is concerned with the fixation of CO. By 
employing C!* (radioactive isotope of carbon)—labelled COg (C1404) 
in photosynthetic organisms, Calvin and Bassham (1957) were able 


M A Y [xf wd ea Pe 


~ mOoPTodrGe-r- 


Fig. 5°25, Diagrammatic figurs showing inter-relationship between 
light phase and dark phase. 


to design the complete metabolic path of carbon assimilation in the 
form of a cycle which may be called as Calvin cycle. 
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The steps of this cycle are—Carbon dioxide is first incorporated 
into a 5 carbon sugar phosphate ester called ribulose 1, 5-diphosphate 


Transferance of energy 
Ferredoxin from electron 
. Electron Carrier ATP 
fe Y : Cytochrome 
;. Liberationof highly energised Saye carrier 


electron fromChlorophiylt 


Chlorophyll 
EU 
Sunlight > o Entranceof electron in 


ZARSV the Chlorophyll molecules 
Fig. 5°26, Photochemical reaction of photosynthesis 
(Cyclic photophosphorylation). 
to form an intermediate which splits into two molecules of 3-phos- 
phoglyceric acid (PGA). With the help of NADPH, and ATP this 
is reduced to  3-phosphoglyceraldehyde (PGAld). -The enzymes 
phosphoglyceric kinase and triose phosphate dehydrogenase are required 
during this step. f 
Through an 


Ribulose diphosphate — 2-mols. of PGA 


intermediate sugar acid 


The above reaction is catalyzed by the enzyme carboxydismutase, 
3-PGA reacts with ATP to form 1-3 diphosphoglyceric acid. which 
in the next step is reduced by NADPH to form 3-phosphoglycer- 
aldehyde (3-PGAId). : 
phosphoglyceric 
kinase 


3 PGA+NADPH, t ATP. 


—PGAld--NADP + ADP --Pi 

triose phosphate E 

dehydrogenase 

3-PGAld give rise to dihydroxy, acetone phosphate by the- help of 
the enzyme triose phosphate isomerase. 


3-PGAld and dihydroxyacetone phosphate unite to form a molecule 
of fructose 1-6 diphosphate. This is catalyzed by the enzyme aldolase. 
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Fructose 1-6 diphosphate is converted to fructose 6-phosphate by 
the help of the enzyme phosphatase, which by an intramolecular 
arrangement and by the help of the enzyme isomerase product 
glucose-1-phosphate. 


Intermediate 
Compounds 
C5 C4 C5 Ce C7 


Fig. 527. _ Dark phase and Calvin cycle. 


The CO; acceptor, ribulose diphosphate can also: be regenerated 
from fructose-6-phosphate. 


Glucose-1-phosphate finally produces glucose, after reacting with 
Uridine triphosphate (UTP) and in presence of enzyme pyrophosphatase. 
Formation of one molecule of fructose diphosphate causes entrant? 
of six molecules of ribulose diphosphate in the carbon fixing cyo? 
with the simultaneous regeneration of equal number of molecules of 
ribulose phosphate, 


3PGAld may form 5 pkosphate RuMP. This forms RuDP with 
the help of enzymes called phosphopentokinase. The cycle involved 
during the production of RuDP from RuMP is called Calvin cycle. 


It shows that out of 2PGA produced carbon of carbon dioxide 
(COs) is involved in the COOH (carboxyl group) of 1 PGA. Hence, 
for 6CO, out of I2PGAld, 6PGA will have CO; fixed in dark phase 
Out of 12PGAld thus produced, 2PGAld will take part in tbe 
formation of glucose and the remaining 10PGAld_ will participate 
in the regeneration of 6 mols. of RuDP via RuMP. Therefore out of 
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6CO, fixed in the dark phase of photosynthesis only 2CO; will 


ADP RuDP 
Hoppen 2m ol. RGA ATP + NADH 
Kinase... RuMP CALVIN CYCLE ADP + PIHENAD 
12 PGAld Phosphoglyceric kinase 
Triose phosphate 
dehydrogenase 
QM 2PGAld 
CeHiaOe Fructose 1-6diphosphate 


Glucose «=== Glucose ~~ Fructose 
1 P) 6 P) 6*P) 


Fig, 5°28. Dark reaction and Calvin cycle, showing the formation of glucose, 


participate in the glucose formation and the remaining 4COg in the 
regeneration of GRuDP to complete the Calvin Cycle. 


phosphopentokinase 
RuMP+ATP ————— —* RuDP + ADP. 


Hill reaction : In the year 1937 scientist Robin Hill showed that 
when light rays is allowed to fall on a mixture of extracted chloroplast, 
hydrogen. bearer potassium ferric oxalate (A) and water, potassium 
ferrous oxalate and oxygen, are formed. ; 


The reaction is— 

light rays 
1 -— AHg +09 ^ i 
chloroplast 


H,O+A 


The above reaction is called Hill Reaction and the hydrogen carrier 
(A) is called Hill Reagent. In the year 1952, Arnon and Emerson 
together proved that hydrogen” bearer is NADP of plant cell (green). 


From Hill reaction it can be proved that the source of Og is water 
(H40). 
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Table No. 5:3 
Differences between PSI and PSII. 


PSI (Photosystem-I) 


Ui Lost of PSI is on the outer 
surface of the thylakoid. 


2. In this system no molecular 
oxygen is evolved. À 


3. A strong reductant is produced 
in this ‘system which causes 
reduction of NADP* to 
NADPH -H*. 


4. Takes part in both cyclic. and 
non cyclic Sek ip" 
lation. j 4 


5. , PSI consists of pigments absor- 
bing at longer wavelengths of 
light. The system comprises 
of chloropHyll-5, chlorophyll 
asno, Chlorophyll agg. and 
chlorophyll ag95. It also con- 
tain carotenoids and Single 
molecule of chlorophyll ano 
(P109). 


6. PSI i is active both in red and 
far red lights, 


PSII (Photosystem-II) 
I: 


Location of PSII is on the 
inner surface of the thylakoid. 


Molecular oxygen is evolved as 
a result of the break down of 
water, 


PSI. supplies _ the «electron 


essential to PSI in the time of 
reduction of NADP*. 


Takes part only in PSI. during 


the reduction of NADP+. 


PSII consists of pigments 
absorbing at shorter wave 
length of light. It comprises 
of phycobilins, xanthophylls, 
chlorophyll b, chlorophyll agso» 
chlorophyll ag,9 and a single 
molecule of chlorophyll agso 
(Peso). 


6. PSII is active in far red light. 
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Fig. 5°29. Overall process of photosynthesis. 


Table No. 54 | 
Differences between light phase and dark phase 


Light phase Dark phase 


— áá| — ————— 


Light is essential. 


1. Light is not essential. 
Oxygen is liberated. 2. CO, is absorbed. 
ATP is produced. 3. Glucose is produced. 
NADP is reduced. | 4. Reduced NADP is oxidised. 
Photolysis . of water takes 5. Photolysis of water does not 
place. take place. 
This phase or reaction occurs | 6. This phase or reaction occurs 
within the grana of the within the stroma of the 
chloroplasts. | chloroplasts. 


5'20. Bacterial Photosynthesis : 
Certain bacteria are capable of carrying out photosynthesis. Photo- 


synthetic bacteria contain a pigment called bacteriochlorophyll or 
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bacterioviridin within their chromatophore. During bacterial photo- 
synthesis no oxygen is liberated. For example sulphur bacteria like 
Chromatium utilise HS (hydrogen sulphide) as hydrogen donor and 
elemental sulphur is released. 
light energy 
6CO, --12Hg$ ——————- C5H4304, +6H,O+ 12S + energy. 
bacteriochlorophyll 
or bacterioviridin 
Other bacteria may use thiosulphate, hydrogen gas or a variety of 
organic compounds in place of HgS. The process by which some 
lower groups of plants and bacteria can manufacture or synthesize 
their food without utilizing light as a source of energy but obtain their 
necessary energy, by oxidation of some chemical substances like NH3, 
Has, etc. is called chemosynthesis, During the process one type of 
energy is transformed to the other. eg, Iron bacteria—oxidises ferrous 
salt to ferric salt ; Hydrogen bacteria—oxidises hydrogen to water. 


5/21. Conditions necessary for photosynthesis : 


The rate of photosynthesis is conditioned by a number of external 
and internal factors. Light, temperature, carbon dioxide, oxygen and 
water are the major external factors whereas the internal factors are 
chlorophyll increase and decrease of stomatal aperture, presence of 
potassium, structure of leaf, protoplasm respectively. 


External Conditions : 


1 Light : Rate of photosynthesis is influenced by intensity, 
quality and duration of light. Photolysis of water occur only in 
presence of light. Too much of strong light may even stop the process 


photosynthesis. Rate of photosynthesis is directly related with the 
duration of light. 


2. Temperature : Photosynthesis may occur within the range 
of temperature between 0°C—45°C but o 
from 25°C to 35°C. With-increase of temperature the rate of photo- 
synthesis increases generally when other factors are favourable. 

3. Carbon dioxide: This is one of the most important raw 
materials used in photosynthesis. Air contains 0'3%-0'4% of COs. An 
increase in CO, concentration up to 0'1% approx. increases the rate 


ptimum temperature ranges 
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of photosynthesis. Higher concentration of COs is, however, toxic to 
plants and it slows down the rate of photosynthesis. 


4. Oxygen: Rate of photosynthesis is decreased with increasing 
concentration of oxygen. This is due to the reason that the enzymes 
involved in photosynthesis are inactivated under such a condition. 


5. Water: Water is one of the raw materials utilised in photo- 
synthesis. The rate of photosynthesis decrease in drought condition. 
The effect of water is indirect since deficient water supply induces 
reduction in the rate of diffusion of COg by closing stomata and causes 


hydration of protoplasm. 


Internal Conditions : 


1. Chlorophyll: This green coloured pigment becomes acti- 
vated in presence of light and splits water subsequently. Light energy 
captured by them is. converted to chemical energy of glucose which 
is formed as a result of photosynthesis. 


2. Increase and decrease of stomatal aperture : Through 
stomatal pore necessary amount of COg enters the leaves. Light 
regulates the opening and closing of stomatal aperture. 

3. Potassium: Asa result of photosynthesis glucose is formed. 
This should be transformed to starch, that is why potassium is necessary. 

4. Structure of leaf : Photosynthesis depends on the structure 
and proper functioning of the mesophyll tissue, guard cell, etc. 


5. Protoplasm : Protoplasm contains enzymes, coenzymes, 
cofactors which directly influence the rate of photosynthesis. Proper 
hydration of protoplasm is also essential for photosynthesis since water 
influences the chloroplast activity. 


5:22. Significance of photosynthesis : 


1. Storage of energy : Solar energy is stored in the form of 
chemical energy in the food, as a result of photosynthesis. This stored 
energy is used up by the living organisms in performing several physio- 
logical functions. 

2. Synthesis of food : Glucose formed as a result of photo- 
'synthesis:can be transformed into other carbohydrates, fats and proteins. 
Heterotrophic orgnisms ie, both man and animal are dependant 
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directly or indirectly on this autotrophic green plants, Different types 
of foods on oxidation yield energy which is ‘required for the operation 
of various vital processes, 


———————Ó—À— me. 


& 


Fig. 5°30. Transformation and storage Of energy by the 
Process of photosynthesis, 


3. C0,-0, balance ; All animals inhale O, from the 
atmosphere for respiration and gives out CO which is taken in by 
the green plants during Photosynthesis, Thus a CO,;—Og balance is 
maintained. Again oxygen released in the atmosphere purify the air 


Which is getting polluted by the Pollutents like, smoke rising due to 
combustion of coal, other fuels, oxidation of mineral compounds, etc. 


Human Civilization : Cellulose present 
in the cellwall of plants is Prepared by the condensation of glucose 
molecules produced during Photosynthesis, This is an important raw 
material in textile industry and Paper industry. Wood is a plant 
product and coal plant fossil. Petroleum and various natural gases are 


ition of plant parts. The 
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energy which is stored up in the photosynthetic plants is ultimately 
released during combustion of these fuels. AH these are important fuels 
on which our industries are based. Photosynthetic activity of. green 
plants give rise to the industrial products like textile fibres, timber, 
pulp products, vegetable fats, gums, resins, etc. 


Fig. 531. Utilisation of solar energy. 


5. Necessary commodities for every day life: Cloth, 
wooden furnitures, rubber goods, plastic, nylon, rayon, paper, etc. are 
prepared .from plants. Cellulose and rayon (artificially prepared 
from cellulose) are the raw materials used in’ the textile industry. 
Cellulose is also used in the paper industry. 

6. Oxygen: Oxygen produced. as a by-product of photo- 
synthesis is utilized during combustion and respiration. 

What is called compensation point ? The time at which 
(either in morning or in the evening) the rate of photosynthesis equals 
the rate of respiration is known as compensation point. l 
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Table No. 5'5 

Differences between cyclic and non-cyclic phosphorylation 
Cyclic phosphorylation Non-Cyclic phosphorylation 

1. Water is not needed. 1, Water is needed. 

2. Oxygen is not formed. 2. Oxygen is formed. 

3. In one cyclic 2 ATP molecules | 3. In one non-cyclic path 1 ATP 
are formed. molecule is formed. 

4. Chlorophyll acts as electron | 4. One eleetron donor accepts 
donor and acceptor. electron from another. 

5. NADP is not reduced to |5. NADP is reduced to 
NADPH. NADPHg. 

6. One pigment system takes | 6. Two pigment systems take 
active part. part, 

7. Light rays of wavelength | 7, Light waves of wavelength 
above 700 nm. are active in below 673 nm. are active in 
this process. this process. 


8. Electron does not reduce | 8. 


Electron reduces terminal 
terminal carrier. 


carrier. 


€ Some facts about Calvin Cycle : 


1. Ribulose diphosphate is the primary acceptor of carbon 
dioxide. | 


2. ACs compound i.e., phosphoglyceric acid is the first stable 
product. 


3. Photorespiration occurs in some plants bearing a type of 
| 


chloroplast which performs the Calvin cycle. 
4. Atmospheric oxygen is less used here. 
5. Inthis cycle RuDP is regenerated, 


| 9 Some facts about Photosynthesis and Chemosynthesis : 

| (i) Photosynthesis : It occurs within all green plants which 
include green bacteria, algae and higher plants and is a process involy- 
ing the conversion of CO, and H,O into carbohydrate with the 
simultaneous evolution of oxygen in presence of light and chlorophyll. 
Here light energy is transformed into chemical energy which is later on 


| p" \~ 
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stored in the form of carbohydrate. In this process photophosphoryla- 


tion occurs. 

(ix) Chemosynthesis : It occurs within the colourless aerobic 
bacteria Fog Nitrobacter, Nitrosomonas, etc. and the process involves 
reduction of carbon dioxide into carbohydrate without the help of 
chlorophyll and light. The process does not involve pigment molecules 


Sunlight enters wirhinthe leaf 


Upper epidermis 


XSF EY. 
Waler enters within the ant aaa 


cells the xylem Palisade cell 
Qn | Conduction of water Lakes 
place through the xylem 
vessels 
Conduction of food matters 
fromthe leaves through the 
sieve tubues 
4 Carbon dioxide enters within 
the cell through the airchambers 
by diffusion 
Guard cell 
Carbondioxide enters with in 
the leaf through the stomata 
Cellwall 
Nudeus 
Wiibinthe Chloroplast Carbon 
dioxide and water together 
forms Carbohydrate 


H0 


Fig. 5:32. Diagram showing site of photosynthesis. 


and does not cause liberation of molecular oxygen. Phosphorylation 


also does not take place. 
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SUMMARY 


It is the process by which green cells of plants synthesize carbohydrates in 
présence of light, with the help of atmospheric carbon di-oxide and water 
absorbed from the soil. 


The raw materials required for photosynthesis are carbon dioxide and water. 
The byproducts of this process are oxygen and water produced during the light 
phase. All chlorophyll containing plants have the power of performing photo- 
synthesis, hence the photosynthetic organelle are chloroplast. The photosynthetic 
mechanism can be divided into two phases—Light phase and Dark phase. In 
the light phase light is essential and it occurs within the grana of the chloro- 
plasts, In the dark phase there is no requirement of light and this phase 
occurs within the stroma of the chloroplast. The byproducts produced as a 
result of light phase are oxygen and water. In light reaction or photochemical 
reaction chemical energy like ATP, NADPHg and byproducts water (H0) and 
oxygen (Og) are formed. In the dark phase RuDP, Carbon dioxide, ATP, 
NADPHg are required. In chemical reaction fixation of CO, by RuDP takes 
place, forming the first product PGA (Phosphoglyceric acid), PGA next 
produces PGAld (Phosphoglyceraldehyde), by taking energy from ATP and 
hydrogen from NADPHg. 10 molecules of PGAld produces RuDP (Ribulose 
diphosphate). This occurs in a cycle called Calvin cycle and two moles of PGAld 
give rise to glucose. The light phase is called Hill's reaction. The dark phase 
is called Blackman's reaction. The signifiance of photosynthesis are—transforma- 
tion and storage of energy, synthesis of food, purification of air, maintenance 
of COg and Og balance in environment and in human civilization. Certain 
lower groups of plants and bacteria can also prepare food in absence of light but 
in presence of energy obtained by oxidation of some chemical substances eg. 
NHs, HgS, etc, This process is known as chemosynthesis. 


THINGS TO REMEMBER 


1. Photosynthesis is a carbohydrate synthesising process occurring in green 
cells in presence of light. 


2. The raw materials used in photosynthesis are CO i 
tak air) 
and Ho 0 (absorbed from soil), nom 
3. 
stroma, 


4. 


Photosynthetic organelle’s are choloroplasts which possess grana and 


The grana possess quantasomes which contains chlorophyll molecules 
and other accessory pigments, 


They convert solar energy i i ey 
in the light phase of photosynthesis, E nm 


5. The accessory pigments ate those pt Ww) rectly help in 
ments 
gi hich indi ly 


6. The highly energised invisible solar parti í 
rt 
carries solar energy. particles are called photons which 


7. Photosynthetic process i is divided into li 
ti i i 
dark phase (Blackman reaction), Ee UL aci) and 
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8. Light, chlorophyll and water are necessary to run the light phase. 


9. RuDP, CO, and chemical energy like ATP, NADPHg (produced 
during light phase) are necessary to run the dark phase. 


10. The light phase runs in two systems—PSI (photosystem 1) and PSII 
(photosystem I1). 


11. PSI runs within the wavelength of 700 nm, of wavelength of sunlight. 
12. . PSII runs within the wavelength of 673 nm of. wavelength of sunlight. 


13. In the light phase photolysis of water takes place by the help of excited 
chlorophyll, producing hydrogen (Ht) and hydroxyl (OH-) ion. It is also 
called Hill reaction. 


14. The OH- ion after liberating an electron (e7) is converted to OH 
radical, which later on produces oxygen and water. This oxygen is liberated 
into the atmosphere. 


15. The amount of oxygen liberated in photosynthesis is equal to that of 
. carbon dioxide utilised in the process. 


16. 24 molecules of water is utilised in the light phase of photosynthesis 
and in lieu of that 12 molecules of water is liberated. 

17. In the light phase of photosynthesis solar energy is trapped by chloro- 
phyll and conyerted into chemical energy. This chemical energy is stored 
within the ATP molecules. ; 

18. The hydrogen ion (H*) liberated during photolyses of water is accepted 
by NADP to form NADPH), hence NADP acts as an hydrogen acceptor, 

19. The production of energy rich phosphate bonds, as in ATP (energy 
rich ATP from ADP and Pi),is called phosphorylation. When it occurs by the 
help of light energy the process is called photophosphorylation or photosynthetic 
Phosphorylation. 

20. Non cyclic phosphorylation in light phase occurs in higher plants. 

21.  Oylic phosphorylation occurs in. lower. groups of plants— bacterial 
photosynthesis, 

22. In the dark phase of photosyntheses fixation of CO takes place by 
RuDP. In this case RuDP acts as a carbon dioxide acceptor. 

23. In photosynthesis the. first product produced is phosphoglyceric acid 
(PGA). 

24. The regeneration of RuDP takes place in a cycle called Calvin cycle. 

25. The final and stable product produced in photosynthesis is glucose 
(C4H1505). 

26. The photosynthesis concerns mainly with the assimilation of carbon in 

presence of light. Hence it is also known as Carbon assimilation. During this 
process COg is reduced upto the level of carbohydrate. 
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27. Photosynthesis takes place mainly in the mesophyll tissue of leaf. 


28. Certain bacteria are capable of carrying out. photosynthesis like the 
green plants—bacterial photosynthesis. Oxygen is not evolved in bacterial 
photosynthesis. : 


29. Photosynthetic bacteria have a pigment bacteriochlorophyll within their 
chromatophores, 


30. There are certains bacteria which manufacture their food without 
utilising light as a source of energy. 


31. Chemosynthesis is the process by which the bacteria obtain their 


necessary energy due to the oxidation of some chemicel substances like H35, 
NHsg, etc. 


32. The significance of photosynthesis are—transpiration and storage of 
energy, synthesis of food, purification of air, and in human civilisation, etc. 


RESPIRATION 


„Syllabus : Respiration : Fundamenta] process—externa]. and internal 
respiration (site of respiration) ; aerobic respiration, anaerobic respiration and 
fermentation—(outline of the processes, mentioning respective end products) ; 
Glycolysis [mention—hexose-—triose—pyruvic acid—acetyl CoA— Krebs cycle, 
mention only COg, HgO and release of energy.] 


5:23. Introduction : 


The word respiration is derived from the Latin respirare which means 
to breathe. At first this term referred to the breathing movements which 
cause. air to be drawn into or pushed out of human lungs. But modern 


definition of respiration is the catabolic processes which lead to the chemical 


breakdown of materials to provide energy for life. These processes occur 


inside the living cells of every type of organism to carry out various vital 


activities like growth, movement, reproduction, etc. In the living cell food is 


oxidised in presence or in absence of Oxygen to produce energy. When oxygen 
is present (aerobically) food is completely oxidised whereas in absence of oxygen 
(anaerobically) partial oxidation of food takes place. Organism which respire 
aerobically must absorb oxygen into their bodies, At the same time they must 
remove from their bodies the carbon dioxide gas which is a waste product of res- 
piration. In other words they must “exchange gase. 
them. This process is called gaseous exchan 
directly or indirectly, 


' with the water or air around 
ge or breathing, which takes place 
Respiration and Breathing differ froni each other in the 


case that Respiration is a physiochemical] Process whereas Breathing is a physical 
process, 
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5:24. Definition of respiration : 

In the living cell the catabolic oxidative process which releases the 
energy and converts this potential energy to kinetic energy is known ‘as 
respiration. 


5:25. Fundamental process of respiration : 

In theliving organism particularly in higher animals including 
human being respiration takes place intwo steps. The first step is 
called external respiration and whereas the second step is known as 
internal respiration. 


(a) External respiration : The interchange of gases (Og and 
CO.) between the atmosphere and air in the lungs (alveolar air) and the 
air in the lungs and blood in the pulmonary capillaries is called 
external respiration. This type of respiration generally occur in 
the higher animals. Og from alveolar air enters (diffuses) into the 
blood in the pulmonary capillaries and the CO» from pulmonary 
capillaries diffuses out into alveoli, Plants also take oxygen from the 
atmosphere . y 


(b) Internal respiration : The exchange of gases (03 and CO3) 
between blood and tissue cell is called internal respiration. By this 
process the oxygen is utilised by the tissues and liberates CO; and 
energy. Thus CO; produced in the tissues are liberated into the blood. 

The respiration takes place in the plant cell includes internal respira- 
tion. This is also known as tissue respiration or cellular respiration. 


Table No. 5'8 
Differences between Respiration and Breathing 
Respiration Breathing 
ial odes Lap eee emia IPIE Ute YER NUPTIAE MD e ETUR 
1. [tis a biochemical, oxidative | l. This is a physical process 
as well as an energy releasing during which no energy is 
process released. 
2. The process is concerned with | 2. In this process gases are taken 
absorption of atmospheric in and given out. 


oxygen ^ whereas carbon 
dioxide is released to the 


atmosphere. " 


Bio (5th)—4 
d N 
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5:26. Respiratory substrates and energy : 


Respiratory substrate are those protoplasmic substances which when 
oxidised release energy. Though proteins, organic acids and fats can 
be used as respiratory substrate, carbohydrate is the chief energy 
yielding substrate, 

Before the starting of respiration all forms of carbohydrates are 
transformed into glucose. Hence glucose is called the starting point 
of respiration. 

It has been calculated that complete oxidation of 1 gm. molecule 
i.e., 180 gm. glucose yield 686 Kcal of energy along with CO and H3O 

‘formation. A portion of energy released is stored within ATP while 
the rest is released as heat energy. ATP thus formed break into 
ADP and Pi, along. with energy which is used in-performing different 
energy consuming processes of the cell, 


5:27. Sites of respiration : 


Respiration requires two phases for its completion. In the first 
Ribosome phase glucose molecule 


= cw Cristae partially breaks down to 
E Outermembrane form 2 molecules of 3C 


Matrix compound pyruvic acid. 
Inner Chamber Oxygen is not required. 
Fy- Particles This is formed in presence 
Outer chamber of several enzymes present 
in the cytoplasm’ of. the 
inar membrane living cells. The second 
phase of respiration occurs 
within the mitochondria 
(Fig. 5:34). In this stage 
pyruvic acid is completely 


Fig. 5°33. Internal structure of a mitochon- 
dria (sectional view) where Krebs cycle occurs, 


oxidised to form COs, H30 and ATP. 


5°28. Types of respiration : 

Respiration are mainl 
anaerobic respiration. 

1. Aerobic respiration : 
oxidation of respiratory substrate 


resulting in the end products of 
respiration, 


EN 


y of two types, aerobic respiration. and 


The process by which complete 
takes place in presence of oxygen 
CO, and water is called aerobic 
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Reaction : CoH1206 4-605 6CO 5 --6H30 4-674K cal (approx) 
(Glucose) (energy 


Animal respiration is essentially an aerobic process which ceases 
altogether if Og is not available. 

2. Anaerobic respiration: The process by which complete 
respiratory substrate takes place in absence of external oxygen resulting 
the end products of ethyl alcohol and CO (in plant) and lactic acid 
(in animal) is called anaerobic respiration, 

Reactions: In plant CeH1906—>2CaH50H +2C0a +28 Kcal 

(ethyl alcohol) (energy-approx) 
In animal CeH1206 > 2CHsCHOH COOH + 28 Kcal 
(lactic acid) (energy-approx) 

Fermentation : The process that involves decomposition of com- 
plex organic substances into simpler ones in presence of microorganism 
and is actually brought about by the catalytic influence of the non-living 
highly complicated nitrogenous compounds known as enzymes produced 
from living cells. 


Alcoholic fermentation : The alcoholic fermentation process 
takes place in absence of oxygen and in it sugar is decomposed to 
alcohol and carbon dioxide by a kind of fungus yeast which bears an 
enzyme called zymase. 


C, H,50, --zymase > 2C9H5OH +200, +zymase + energy 


Obligate anaerobes are organisms which die in oxygen containing 
environment whereas facultative anaerobes survive in environment 
containing Og or without Og. These are fermentative organisms. 


Fermentation has some economic value. By this process beer, 
Wine, etc., are formed from different sugar containing juices like grape 
and date palm juice. In acetic acid fermentation alcohol is converted 
to acetic acid by acetic acid bacteria. Lactic acid bacteria is capable 
of converting milk sugar of milk to lactic acid. 


What are anaerobes, aerobes and anaerobiosis ? 


Anaerobes; These are organisms which must or can live in the 
absence of oxygen. They often utilise the energy gained through 
fermentation to maintain their life. e.g.,—yeast, bacteria. 

Aerobes: ‘In’ these organisms the energy obtained asa result of 
fermentation is insufficient for carrying out their life. So they require 


oxygen. - : 
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Anaerobiosis: In absence of oxygen the tissues of higher plants | 
survive only for few hours. This condition is called anaerobiosis. eg. 
. —during germination when certain seeds are immersed in water they 


undergo anaerobiosis. 
What is respiratory quotient (R.Q.) ? 


lt is the ratio of the volume of carbon dioxide evolved to the 
volume of oxygen faken in during the process of respiration, being 
represented as CO,/O, and written as R.Q. 


This value depends mainly on several factors as stated below : 
(i) Nature of respiratory substrate. 

(i) Amount of oxygen present in respiratory substrate. 

(iii) Extent to which the respiratory substrate is broken down. 


(iv) Changes in the oxidation and reduction levels of the respira- 
tory substrate. 


(v) The ;value depends on whether all oxygen which is being 
absorbed is either used up during respiration or in some other purpose. 
The significance of RQ is to understand the nature of the process 


of respiration well. 

Mechanism of aerobic and anaerobic respiration : Jn 
either aerobic or anaerobic respiration at first 6C (carbon) glucose in 
presence of enzymes and without oxygen is partially oxidised to form 


A 


Carbondioxide Oxygen (0p) 
(onal) °°? (anal) 5 


Sites of different phases of respiratory processes 
(aerobic respiration). 


. Fig. 5°34, 


3C compound pyruvic acid, This phase is called glycolysis. Now 
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oxidation of pyruvic acid formed as a result of glycolysis depends on 

presence or absence of oxygen. In absence of oxygen pyruvic acid is 

partially oxidised to form alcohol (plant) or lactic acid (animals), | 
CO, and some energy within the cytoplasm of the cell. In presence 

of oxygen pyruvic acid is completely oxidised to form CO, water 

and considerable amount of energy in the mitochondria. The stage 

proceeds in a cyclic path of reaction and is called Krebs Cycle or. 
TCA Cycle (Tricarboxylic acid cycle) or Citric acid cycle. 


Glycolysis. (a) Definition : The anaerobic oxidation of 
respiratory substrates like glucose and fructose through 
different intermediate fproducts into pyruvic acid by the help 
of enzymes is known as glycolysis. 

(b) Site of reactions: Tt takes place in the cytoplasm during 
both aerobic and anaerobic respiration. / 

Glycolysis is also known. as EMP pathway i.e., Embden—Meyerhof 
—Parnas pathway named after German Biochemists. 


(c) Biochemical reactions of Glycol ysis : 
1. At the first step glucose undergoes phosphorylation by ATP 


(Adenosine triphosphate) in presence of Mg?* to form Glucose, 
6-phosphate in presence of enzyme hexokinase. 


Hexokinase 
-> Glucose 6-Phosphate+ADP 


Glucose + ATP 
Mgt* 
2. By the process of isomerisation Glucose, 6-phosphate by the 
help of enzyme phosphoglucoisomerase forms fructose, 6-phosphate. 
Phosphogluco 
Glucose, 6-phosphate «————. Fructose 6-phosphate 


isomerase 


3. Fructose, 6-phosphate undergoes phosphorylation by the help 
of ATP and the enzyme phosphofructokinase. to form Fructose 1, 
6-diphosphate and ADP (Adenosine diphosphate) 


Phosphofructo 
Fructose 6 phosphate + ATP. ->Fructose 1-6 diphosphate 
+ADP 


Kinase 

4. Fructose 1, 6 diphosphate is broken down to triose (3 
carbon mol, 3C) phosphate i.e., dihydroxyacetone phosphate and 
3 phosphoglyceraldehyde by the help of the enzyme aldolase. 
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The dihydroxyacetone phosphate converted to 3 phosphoglyceral- 


dehyde by the help of the enzyme triose phosphate isomerase. This 
reaction is reversible. 


aldolase 
Fructose 1-6 diphosphate <—— Dihydroxyacetone phosphate. 


+3 phosphoglyceraldehyde 


Triose phosphate 
3 phosphoglyceraldehyde ————— > 


isomerase 


csse] 


Hexokinasa. d^ ATP 
ADP 


Dihydroxyacetone phosphate. 


* Glucose-6 = phosphate 
erro mage 


isomerase 
Fructoset 6= phospnate 
Phospho. ATP 
fructokinase — . ADP 


Fructose-1,6~diphosphate 
i" 


3-prosprogycara We oophalelamarase 73 


-dehyde acetone 

Em. pan phosphate 
dehydrogenase INADH 

1,3- diphosphoaly ceric acid 

Phosphoglyce||— App. 

"fic Kinase ATP 

S" phosphoglyceric acid 
Phosphoglyce 


"ro mufáse 


2 phosphoglyceric acig 


Enolase fso 


27 phospho-enol pyruvic gei 


PYRUVIC ACIO 


Fig. 535. Glycolytic process (glycolysis) in respiration, 
5. With the help of NAD (Nicotin: mi ine dinuclcotide). 
HyPO) "tbhorptorie ibd (Nicotin: mide adenine dinuclcotide) 


the enzyme phosphoglyceraldehyde 
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dehydrogenase, 3 phosphoglyceraldehyde is oxidised to 1, 3- 
diphosphoglyceric acid and NADH;. 


Phospho glyceral- 
-> 


3 Phosphoglyceraldehyde + HaPO4 +NAD e= 
dehyde dehydrogenase 


1,3 diphosphoglyceric acid .- NADH; 


6. In this step 1-3 diphosphoglyceric acid transfers phosphoric 
acid to ADP with the formation of 3 Phosphoglyceric acid and 
ATP, by the help of the enzyme Phosphoglycero kinase. 

Phosphoglycerokinase 
1,3 diphosphoglyceric acid -- ADP o aM 
3 phosphoglyceric acid+ ATP 

7. In the next step 3 phosphoglyceric acid is converted to 

2 phosphoglyceric acid by the enzyme phosphoglyceric mutase. 
Phosphoglycero 

3 phosphoglyceric acid z——————— 2 phosphoglyceric acid 

mutase 

8. 2 Phosphoglyceric acid in presence of the enzyme enolase 
gives out one molecule of water to form phosphoenol pyruvic acid. 

Enolase 

2 Phosphoglyceric acid Z—= 2 Phosphoenol pyruvic acid+H,O 

9. This step is the last step of glycolysis where 2 phosphoenol 
Pyruvic acid is converted to pyruvic acid by the removal of phos- 
phorus thus one molecule of ATP is synthesized from ADP. The 
enzyme’catalysing this step is pyruvic kinase. 

Pyruvic 
2 Phosphoenol pyruvic acid-- ADP @——— Pyruvic acid+ ATP. 
Kinase 


. So in the overall process from. each glucose molecule two 
molecules of pyruvic acid are formed. In animals including human 
being glycogen is present in the muscle and liver cells are phosphory- 
lated by the glycogen phosphorylase enzyme in presence of inorganic 
. Phosphate into glucose 1 phosphate. Similarly starch of plant 
cell converted to glucose l-phosphate by the starch phosphorylase. 
Glucose 1-Phosphate is then converted to Glucose 6-Phosphate 

by the enzyme phosphoglucomutase. Glucose, 6-Phosphate is then 
oxidised through the glycolytic path as described above. 
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Reactions : 


Phosphorylase 
G) Glycogen+H,PO, ————- glucose 1 phosphate 


Phosphorylase 
Starch + H,PO, ————-—- glucose 1-phosphate. 


Phospho 
(ii) Glucose, 1-Phosphate = = glucose 6-phosphate 
glucomutase 


| Y Ethylalcohol | 


NAD* 
NADH Ht NADH*+H* 


Vota (yeast) 
ACID ' IC 
- CO» 
+less energy 
Pent | 


Plant 


1 A 
NAD* 


CO;*H;0 $ 
High energy 


Inabsence of Oxygen 
Anaerobic Respiration 


Pyravicacid 


Inpresence of Oxygen 
Aerobic respiration 


Fig, 5°36, Schematic representation of the different types of internal 
respiration in plant and anima] kingdoms. 


Significance of glycolysis : | 


l1. Glycolysis process. leads to 
pyruvic acid which is essential for run 


the formation of 2 molecules of | 
ning the K rebs cycle, 


Phosphorylation per molecule of hexose utilized. Now 2 ATP 


Lacs 
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molecules are used up in the formation of hexose phosphate, so the ' 
phosphate energy of 2 other ATP molecules are used up in other 
general cellular purpose. 

3. Dihydroxy acetone phosphate formed as a byproduct in 
glycolysis helps in the formation of glycerol which ultimately leads to 
fat metabolism. 

4. The different intermediary products produced in glycolysis can 
be used by the plants in different metabolic functions of the body. 


Anaerobic oxidation of pyruvic acid: In muscle cells of 
animals and in other cells, where oxygen is unavailable (i.e, during 
exercise) pyruvic acid in presence of lactic dehydrogenase is reduced 
to lactic acid. 

Jactic 

Pyruvic acid+NADH+ H* Ge ee a atic acid-+NAD 

dehydrogenase 

Out of the total quantity of lactic acid formed jth of it oxidised 
to CO, and H,O in Krebs «cycle and $th are resynthesised into 
glycogen in liver. 

In plant cell pyruvic acid in presence of enzyme pyruvic decarbo- 
xylase form acetaldehyde and CO . This acetaldehyde later on is 
reduced to form ethyl alcohol in presence of the enzyme alcoholic 
dehydrogenase. 


Pyruvic ^ 
G) Pyruvic acid z-—————————. Acetaldehyde 4-CO; 
j decarboxylase 
x Alcoholic 
-(ii) Acetaldehyde-- NADH +H*+ =———=—— >. Ethyl alcohol +NAD 
dehydrogenase 


Krebs Cycle or TCA Cycle or Citric acid cycle : The oxi- 
dation of pyruvic acid takes place through a series of reactions which 
proceed through a cycle known as tricarboxylic acid cycle. In short 
itis also known as TCA cycle. Asthe first product of this cycle is 
citric acid which contains three acid (—COOH) radicals, thus this cycle 
is known as tricarboxylic acid cycle or citric acid cycle. In 1937 the 
English biochemist Hans Anderson Kreb first observed this cycle, hence 
it is also called Krebs Cycle. 
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As previously mentioned that the glycolysis process take place im 
the cell cytoplasm. After formation of pyruvic acid, it enters into the 


PYRUVIC ACID 
NAD 
Dehydrogenase 
NADH? í ; CoA 
Acety/ Co. 
H20 Synthetase 
Oxoloacetjc acid S DNE a id 
i Aconitase 
Dehydrogenase NADH) ki 
2 
AD H20 
Malic acid Cis-Aconiticacid 
Fumarase Aconitase 
H20 H20 ; " H20 
Fumatic acid IsoCitric acid 
FADH? l NAD 
Deh AD . ehydrogenase 
\ H20 [~nan 
Succinic acid Oxalo succinic acid 
— GDP*pi - coz EenPm 
Succiny/coA X- Keto glutericacid %2 


CO; NADH NAD 


Fig. 5:37. Krebs cycle with different enzyme, 
mitochondria. In presence of several enzymes and Os pyruvic acid 
is oxidised to CO, and H,O and liberating ATP (energy rich 
compound). ! 

Formation of Acetyl COA from Pyruvic acid: The pyruvic 
acid is formed by oxidation through the glycolytic path. It enters 


presence of six factors ie, Mg**, NAD, Tpp (Thiamine pyro- 
phosphate, lipoic acid, FAD and coe 


enzyme A(HS— CoA), the pyruvic 
dehydrogenase along with enzyme Complex converts pyruvate to 
acetyl CoA. 


} 
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Pyruvic dehydrogenase 
Pyruvic acid+CoA+NAD 4—— — — — — — —-? Acetyl 
Mgt, TPP + Lipoic acid 


CoA CO; -NADH; + H* 


Oxaloacetic 
Malic 
Fumoric 
1 Succinic 
10tric 
4-C acd 2 Cis-aconitic 
$ 5 dsocitric 
C0 4 ,Oxolo succinic 


5-C acid 0; : 


«-Ketogluleric 


Fig. 5°38. Brief sketch of the Krebs cycle of aerobic respiration 
and different organic acids produced from it. 


The different reactions of Krebs Cycle are as follows :— 

(i) Acetyl coenzyme A with the help of the enzyme citrate 
synthetase reacts with oxalo-acetic acid to form citric acid and 
Coenzyme A. 

Acétyl coenzyme A --oxalo acetic acid +H,O 

citrate 1 
VLLL citric acid + coenzyme A. 
synthetase 

(i) With the help of the enzyme aconitase citric acid is converted 
lo isocitric acid through cis-aconitic acid. 

aconitase 1 , 
Citric acid £————— — Cis-aconitic acid +H,O 


aconitase X ^ 
Cis-aconitic acid 4- HgO a=? Isocitric acid. 
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(iii) In the next stage isocitric acid is oxidised to oxalosuccinic 


acid and NADPH, with the help of NADP and the enzyme isocitric 


dehydrogenase. 


Isocitric : 
Isocitric acid - NAD VEM OE TURN Oxalosuccinic acid + NADH, 
dehydrogenase 


(iv) Oxalosuccinic acid by decarboxylation and in presence of 


enzyme carboxylase forms «-ketoglutaric acid and COg. 


carboxylase À 
Oxalosuccinic acid ZETE LETE «-ketoglutaric acid -- CO 9 ^ 
(v) «ketoglutaric acid with the enzyme 4-ketoglutaric dehydro- 


genase forms Succinyl coenzyme A, NADH, and COs. 


Pyruvic Acid 


+ Cis-aconitic acid 


| 
2H 
CYCLE 
| 
* H0 ; j 


«- Keto- 
3 gluteric acid 
Succinic 
os 2H 


C0; 
: Fig. 5°39. Krebs cycle (schematic). 


Fumaric acid 


mE 
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«-ketoglutaric 


«-Ketoglutaric acid coenzyme A+NAD ——— 
acid dehydrogenase 


Succinyl coenzyme A +NADH, +CO2- 

(vi) GDP (Guanosine diphosphate), Pi (inorganic phosphate) and 

in presence of enzyme succinic thiokinase, succinyl coenzyme A forms 
succinic acid, GTP (Guanosine triphosphate) and coenzyme A. 


Succinic 


-> 


-> Succinic acid+ GTP 
thiokinase 


Succinyl coenzyme: A + GDP +Pi 
+coenzymė A. 

(vii) In this step with the help of the enzyme, succinic dehydro- 
genase, FAD (Flavine adenine dinucleotide) accepts two atoms of 
hydrogen which are liberated from succinic acid, as such FADHs and 


fumaric acid are formed. 


Succinic , 
Succinic acid +FAD $——————— Fumaric acid FADH;. 
dehydrogenase 


. (viii) Fumaric acid along with water and in presence of enzyme 


Fumarase forms malic acid. 
Fumarase 


Fumaric acid+ H,O $£————^ malic acid. 
(ix) Malic acid is oxidised by NAD and in presence of enzyme 
Malic dehydrogenase forms oxaloacetic acid. NAD is reduced to 


NADH, in this stage. 


Malic 
Malic acid +NAD $-————— Oxaloacetic acid --NADHs. 
dehydrogenase 


Thus the cycle may again continue. This cycle is called Krebs 
cycle. 


Significance of Krebs Cycle : 

(1) It is the energy production centre of all living organisms. 
1 molecule of glucose is oxidised to yield 30 ATP molecules. This 
energy is utilised by plants and animals in performing the trans 
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location of solutes (in plant), growth, movement, active transport and 
other functions. 


Fig. 540. Diagrammatic representation of the four phases of aerobic 
respiration and anaerobic respiration, 

(2) Krebs cycle is responsible for the production ofa large num- 
ber of organic acids which form a key substrate in amino acid synthesis 
required in the nitrogen metabolism, 

(3) The organic acids take active part in organic acid metabolism. 

(4) It is possible for pyruvic acid to be diverted to other metabolic 
pathways through this cycle. 

Terminal Respiration : In terminal Tespiration the reduced 
carriers are oxidized in a relay race fashion by several other carriers 
and finally by molecular oxygen to yield water. The carriers involved 
in this phase are NAD, FAD and cytochromes (iron containing organic 
compounds). The terminal respiration is so called as it occurs at 
the fag end of respiration. It is also referred to as hydrogen transport 
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system or electron transport system 
(ETS) ATP is synthesized mainly as 
à consequence of hydrogen (electron) 
transport through a process known 
as oxidative phosphorylation. 
pathway of hydrogen (electron) from 
the respiratory substrate (AH) to 
molecular oxygen (O) and the 
possible sites of ATP synthesis are 
shown in Fig. 5°41. 


The enzyme system taking part 
respiration is also 
It is to 


in terminal 
located in mitochondria. 
be noted that every molecule of 
substrate ` NAD 
generates three molecules of ATP (for 


oxidized ^ via 


tach atom of oxygen consumed). 
In case of succinic acid oxidation 
two molecules of ATP are produced 
for each atom of oxygen consumed 
Since NAD is 
Complete oxidation of one glucose 
Molecule, thirty-eight molecules of 
ATP will be generated—eight (10-2) 
in glycolysis and the rest thirty in 
Citric acid cycle. 


by-passed. In 


The 
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Fig. 5'41. Diagram illustrating cytochrome 
pathway i.e., electron transport system and 
oxidative phosphorylation. Electron carriers 
NAD (Nicotinamide adenine dinucleotide), 
FAD (Flavinadenine dinucleotide), Cyt b 


(Cytochrome b), Cyt c (Cytochrome c) 
Cyt a (Cytochrome a), 


and Cyt a, 


(Cytochrome a5). 
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Table No. 5'9 


ATP production during complete oxidation of one molecule 
of glucose to CO; and H30 under aerobic condition. 


Glycolysis : 1. (2 molecules enters with the exit of 4 molecules) 
=2 molecules of ATP 


2. In aerobic respiration. NADH, by oxidation forms 
(2X3)2 6 molecules of ATP 


Pyruvic Acid : 3. NADH, by oxidation (forms (2 X 3) 
j =6 molecules of ATP 
Kreb's Cycle : 4, From GTP (2 X 1)=2 molecules of ATP 


5. By oxidation of NAD.Hq (2X3 X 3) 
=18 molecules of ATP are formed. 


6. Due to oxidatlon of FADH3 (1X2 X2) 
=4 molecules of ATP are formed. 


LBÁÁ———————————— 


Total =38 molecules of ATP’ 


Table No. 5°10 


Differences between Glycolysis and Krebs cycle. 


Glycolysis 


Krebs cycle 


ED RERO P| Al dL ————- 
1. Itmay occurinabsenceofO,;. | l. It cannot take place i 


i : absence of Os. 
2. Glycolysis take place in | 2. Krebs cycle take place i 


cytoplasm. mitochondria. 

3. During glycolysis (upto pyru- | 3. During Krebs cycle ( from 
vic acid) the number of ATP Acetyl COA) there occur 
are formed per glucose 12x 2=24 ATP molecules. 
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Table No. 5'11 


Aerobic respiration 


Takes place in presence of Og. 


Differences between aerobic and anaerobic respiration 
-DAS ee RS PL SCE SEALS AE ES NY as Se Te: 1o 


Anaerobic respiration 


Takes place in absence of Og. 


2, CO, and H,0 are evolved. CO, and ethyl alcohol (in 
plant) or lactic acid (in 
animal ) produced. 

3. Glucose is completely oxi- Glucose is incompletely oxi- 

dised, dised. 

4. From 1 gm. mole glucose, From 1 gm. mole glucose, 
energy of about 686 kcal is energy of about 24-28 kcal is 
liberated. liberated. 

5. This is not harmful for body. In the higher living organism 

this is harmful in many cases, 

6. This includes 3  stages— It includes only glycolysis 
glycolysis, Krebs cycle and part. f 
terminal respiration. 

7. All reactions of first phase All reactions concerned take 
occur in the cytoplasm and place within cytoplasm of 
that of the second phase occur the cell. 


within mitochondria, the cell 
organelle. 


rn M —————————— 


Factors affecting respiration : 


The process of respiration is affected by several external as well 
as internal factors. 


(a) External Factors : 


1. Oxygen: Rate of aerobic respiration is directly varies with 
the oxygen concentration. 


2. Temperature: Rate of respiration increase with the rise 
of temperature up to certain limit i.e., from 0°C—45°C but about 
45"C the rate falls and finally the process comes to a standstill. 


_ 3. Carbon dioxide: The rate of respiration varies inversely 
with the concentration of carbon dioxide. But higher concentration 
of CO, which leads to accumulation of more sugar, a respiratory 
Substrate, may result in increase of the respiratory rate. 
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4. Water: In presence of adequate water supply, the rate of 
respiration becomes rapid due to proper hydration of cells. 


5. Light: The effect of light in most cases appear to be 
indirect for respiration. Light increases the synthesis of respiratory 
substrates by photosynthesis. 


6. Injury: In the places of injury respiratory rate generally 
increases, This is due to the accumulation of sugar around those 
injured plant tissues, 


7. Chemical substances: Substances like chloroform, acetone, 
ether, etc. causes an increase in the rate of respiration. 


8. Inorganic salts : Inorganic salts like chloride of different 
metals such as Sodium (Na), Potassium (K), Magnesium (Mg) 
Calcium (Ca), have an outstanding effect on the respiratory rate. 


` (b) Internal Factors : 


_1. Protoplasm: The rate of respiration is directly related 
with the amount of protoplasm in the cells undergoing respiration. 


Higher rate of respiration is seen in meristematic cells containing 
adequate amount of protoplasm. 


AND Respiratory substrate: When other conditions being 
favourable the respiratory rate becomes rapid with increasing concen- 
tration of respirable food materials. 


Table No. 5°12 


Differences between Anaerobic respiration and Alcoholic 
fermentation. 


— 


RIS BEN EE ES, OS E 
Anaerobic respiration Alcoholic fermentation 


1. It occurs only when oxygen is | 1. 
not available in higher plants 

_ and animals. j 

2. In this type of respiration, | 2. 
initial substrate is glucose, and 
the end products are ethyl 
alcohol (in plant) and lactic 
acid (in animals). 

3. This is an intracellular pro- | 3. Alcoholic fermentation is ast 
e bug dni prone cause extracellular process, hence 


the end products do not cause 
toxicity to the cells, 


Energy is produced outside the 
cells in this process. 


Occurs within microrganisms, 
yeast, bacteria, eic. in 
anaerobic condition. 

Here the initial substrate is 
glucose and the end products 
are ethyl alcohol and COg. 


4. Energy is produced inside the | 4, 
cells in this process. 


——- 4 
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5:29. Significance of Respiration : 


Respiration plays an important role in a living organism due to 
several reasons as stated below : 

1, Energy released during this process is used in performing 
various life processes. 

2. The process leads to the formation of important cell 
constituents. E 

3. It changes insoluble food to soluble food. - 

4. It helps in maintenance of carbon balance in nature. 

5- It activates different meristems. 


Table No. 5°13 


Differences between Respiration and Combustion 


Respiration Combustion 
: EA nct aic ES 

l. Occurs only in living cells. ] Takes place every where. 

2. Takes place in presence or in | 2. Takes place in presence of 
absence of oxygen. oxygen. 

3. Oxidation takes place slowly | 3. Oxidation occurs vigorously 
with the help of certain in absence of enzymes. 
enzymes. 

4, 


Some energy of respiration is 
given out as heat energy and 
some is stored in ATP. 


4. In combustion energy is 
liberated in the form ofheat 
and light energy. 


MM, 

PHOTOSYNTHESIS Ed RESPIRATION 
by 
NAS 


Oxygen Carbondioxde Oxygen ^ Cerbondiioxide: 


Fig. 542. Diagram showing the differences between photosynthesis 
and respiration. 
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Table No. 5:14 
Differences between Photosynthesis and Respiration 


Photosynthesis 


. It is an anabolic process as 
well as reductive process. 


CO, and water are used in 
photosynthesis. 
. This process is concerned with 
the production of glucose and 
oxygen. 
Takes place in cells containing 
chlorophyll which carries on 
photosynthesis. 
- Takes place only in presence 
of light. : 
. The site of this process is 
chloroplast. 
. Inthis process the energy is 
absorbed which is stored up 
in the glucose molecule as 
potential energy, 

- An increase in dry weight 
' takes place. 


5'30. Animal Respiration : 


Respiration 


. It is a catabolic process and is 


concerned with oxidation of 
food materials. 


. Here glucose and oxygen are 
used, 


COg and water are produced 
in plant respiration. 


Respiration takes place in all 
cells, 


. Takes place at any time. 


The site of respiration 1$ 
mitochondrion. 


. Here energy stored up in 


glucose molecule is released 2$ 
kinetic energy. 


--A decrease in dry weight 


takes place. 


M T 


Almost all types of respiration described above are present in 
animals including human being. Animals respire aerobically and thus 
absorb Og into their bodies. At the same time they remove CO 84§ | 
which is a waste product formed due to cellular metabolism. This 
isa gaseous exchange that takes place through different respiratory 
organs. It is of two types direct respiration and indirect respiration. 


Direct respiration : It is a very simple process in which the 


gaseous exchange takes place between environment and over the 
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whole body surface in microscopic organism, such as Amoeba, 
Paramaecium (protozoa), Hydra (coelenterate), etc. 


Fig. 5'43.  Gasaous exchange through tha plasmalemma of 
Amoeba (left) and bodywall of Hydra (right). 

Thus the process by which dissolved oxygen from the 
surrounding water direcily diffuses into and carbon di-oxide 
diffuses out of the body cell (requiring ao special respiratory 
medium or organ) is known as direct respiration. 


Indirect respiration : As animals evolved into larger and more 
complex forms direct exchange of gases with the environment becomes 
impossible. Animals, such as insect and vertebrates, thus developed 
some specialized structures called respiratory organs such as, fish 
Bills or human lungs, etc. These organs are used for gaseous exchange 
between the environment and a special conducting system (usually 
blood) containing a chemical substance known as respiratory pigment. 


Thus the process of exchange of gases which occurs 
between the enviroment and the organism through the interv- 
ention of respiratory organs and a medium containing a 
chemical substance that acts as a respiratory pigments 
capable of ‘combining reversibly with gases (O, and CO,) is 
known as indirect respiration. 


Respiratory pigments: The presence of respiratory pigments 
enormously increases the capacity of oxygen absorption. Different 
types of respiratory pigments are found in different animal body. 


(i) H:emoglobin: Itis an iron containing pigment of blood 
Present in red blood cells of vertebrates. Haemoglobin is protein in 
nature. The iron part of haemoglobin is the oxygen-uniting element 


Which form a loose and -unstable compound, oxyhaemoglobin, with 
Oxygen, 
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(ii) Heemocyanin : In many animals specially the invertebrate, 
the respiratory pigment is haemocyanin. It is a copper containing 
blue pigment found in plasma of arthropods and molluscs. 


(iii) Chlorocruorin : It is an iron containing green pigment | 


in annelids of the class polychaeta. 


(iv) Heemoerythrin: In is an iron containing purple pigment 
found in plasma of animals belonging to phyla Sipunculida, Priapulida 
and Brachiopoda. 

5'31. Respiratory Organs : 

(a) Respiratory organs in plants : Plants bear no special 
respiratory organ. CO,—O, exchange in plants takes place by the 
process of diffusion. Terrestrial plants obtain their necessary oxygen 


Fig. 5°44, 


Organs for gaseous exchange in plants—(A) Stomata in 
Surface view, (B) Stomata in L. S. 
from atmosphere while aquatic plants obtain their oxygen from water. 
Sonica and lenticels (vide page 5-5 and Fig. 5'5) act as a medium of 
Tespiration in plants, The halophytic plants (eg, Sonneratia—B- 
Sundari, Bruguiera, etc.) growing on saline muddy soil to overcome 
their respiratory trouble develop certain negatively geotropic breathing 
roots Or pneumatophores, These roots possess pore-through which 
gaseous exchange takes place. 
(b) Respiratory organs in animals : 


: The respiratory organs 
are concerned with the supply of oxygen to 


the blood by which it fs 


a r 
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brought to the tissues of the body, and with the removal of carbon 
dioxide into the atmosphere. An organ of respiration must have 


Blood capillary 


Skin CO» 


Fig. 5'45. Diffusion through the body tissues of Earthworm. 
(i) a moist surface large enough and (ii) sufficiently permeable to 
admit the amount of oxygen necessary for the tissues. Below some 
important respiratory organs are discussed. 

1. Skin or integument: In animal like earthworm, leech and 
Certain worms respiration takes place wholly or partly through thin 
moist highly vascularised (richly blood supplied) skin. The exchange 
of gases takes place between air and blood through this permeable 
body covering (cuticle) by the process of diffusion, 


Mucus spreads out asl 995 
overskinsurface . FAT 


en | | carb GB 

LIS J carbon dioxic 

idiffuses in | l diffuses our | 
-— = t - —— 


Dissolved | Y Dissoh 


S x 
“ wy 7^ Blood contain 
Le a dissolved haemoglobin 
Mucus-Secreting gland collects oxygen 


Fig. 5°46. Vertical section through the skin of earthworm 
showing gaseous difusion. 

In frogs and many other amphibians, the skin also plays an 
important organ of respiration particularly during hibernation period. 
It is interesting to note that in frog about 74 percent of carbon dioxide 
may be removed through the skin. In man very little CO, is elimina- 
ted through the secretion of sweat gland of the skin. 


5-72 A TEXT BOOK OF BIOLOGY 

2. Gills: In most aquatic animals such as fishes, molluscs 
(eg. squids), crustacians (eg, prawns, crabs, etc.) and many other 
animals respiration occurs through gills. In many aquatic inverte- 


Gill fflaments 


\ INSPIRATION EXPIRATION 
^ Blood vessels \ / 


fec 


(ETE Gi lamellae 
“ a? mo icis M 


Blood capillaries within : ied 
folds inthe lamella SOS Water expe! 
Surface 


Fig. 5°47. Abova—Carp Bill chamber 
with operculum cut away, Middle—Part 
of gill showing gill rackers and filaments, 
Below—Parts of one lamella much 
enlargad, 


Fig. 5°48, Diagrammatic re: 
Presentation of the respiratory 
organs of Rohu fish. 


brates including aquatic insects, the gills are of greater or less com- 
plexity and abundance, 


In crustaceans like prawn the gills are more or less plume-like 
out pocketings of body wall over which w. 


ater is kept circulating by 
~ the movements of the legs (Fig. 549A), Swimming marine worms 
(— (eg, Nereis, Annelida) usually possess on the either-side of the body, 
tube dwelling forms at the head ends projecting them out through 
the tube. : 
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Fig. 5°49, Respiratory organs of differant animals : A—Gills of Prawn, 
B—Trachaeal gills of the larval stage of Mayfly, C—Gills of mollusca, 
D—Lamollidens, E—Gills of fish. F—Gills of Singhi, G—Gills of Koi 
with accessory respiratory organ, H—Gills of Magur with accessory 


respiratory organs. 
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In fish, the gills absorb dissolved oxygen from water. In most 
fishes there are four gills on each side of the body. The gills ars 
covered and protected by a large plate called operculum. À Each gill 
is supported by a long curved bone, the gill bar, to which the gill 
filaments are attached. The filaments consist of many long narrower 
structure called gill lamellae (fig. 547), which are situated horizon- 
tally one on top of the other. This arrangement allows water to pass 
between the gllls during ventilation movements. The surface of cach 
gill lamella is folded in a way which increases its surface area, within 
each of these folds there isa dense network of capillaries. Gaseous 
exchange occurs as water is passed over the capillaries. 


In amphibians larvae like tadpole (eg., frogs larva) and marine 
Worms, the gilis hang freely on either side of the anterior region of. 
the body and thus are directly exposed to water. These are known as 
external gills which are constantly in touch with running water and 
thus are provided with abundant ready supply of dissolved oxygen. 

Accessory respiratory organs: The organs which partly 
accomplishes respiration and are complim 


entary respiratory structures 
are known as accessory respiratory organs. Some of these organs 
are described below : 


() Anal region of the hindgut: In some aquatic insects and 
Worms and in some fishes and turtles 


the hindgut serves as an 
accessory respiratory organ, Nymphs of the dragonfly, for example, 
draw in and expel out water through its anal region for the purpose 
of respiration, Here, the inner lining of the anal region serves aS 
Tespiratory organs. 


Gi) Air tubes a 
fishes which dwell in 
gill cannot meet the 


nd air breathing organs: In some bony 
muddy, oxygen-deficient water, respiration bY 
oxygen requirement of the fish. Hence, some 
Procure additional oxygen from air 
bas), Singi (Heteropneustis), Magur 
re unable to live submerged in water 
d to grasp air through mouth by lifting its head above: 
aerial atmosphere either, Hence, in these cases gill 
respiration and respiration by air-breathing organs are 


complimentary to each others. These organs have capillary net 
work of blood vessels which take up oxygen from atmospheric air and: 
give out carbon di-oxide. 


water) or in 


accessory 
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jid22 


sale, 


.. COCKROACH 


Fig. 5°50, Diagram showing exchange of gases (O, and CO) in some 
jnvertebrate and vertebrate. animal. 


5-76 A TEXT BOOK OF BIOLOGY 


In Heteropneustis the organ assumes the form of a tube long 
enough to extend from the branchial cavity to the posterior region of 
the body or either side of the body. In Anabas the organ assumes 
the form of paired plates that resembles labyrinth that are situated 
on either side of the supra branchial or opercular chamber 
immediately above the gills. Each of the organs consists of three or 
more concentrically arranged bony laminae with wavy margins and 
blood capillaries. In Clarius a pair of highly branched and 
vascularised accessory organ develop as outgrowths of the upper 
region of second and fourth branchial arches. This much-branched 
organ assumes a tree-like form. 


(iii) Air-bladder (Swim bladder): In lungfishes (Dipnoi) 
the air bladder is provided with vascular folds and alveolar saccula- 
tions, thus providing a respiratory surface for gaseous exchange and 
serves as lung. Hence, the fishes possessing such structures are 
known as lungfishes. In the lungfish like Ceratodus, the organ is 
single, but in Protopterus and Lipidosiren it is double. 


It may ‘be noted that to fecilitate airbreathing the external narial aperture 
‘communicate with the internal nostril which opens into the buccalcavity (in all 
fishes internal opening is absent.) 


(Iv) Other devices: Apart from those discussed above, various other 
devices of accessory respiratory devices are found in fish, some of which are 
noted below. 

(à) Cutaneous respiration: Example, Angrilla the fish can survive through 
this process for a long period of time even without water. 

(b) Airsaes: Example, Opicephalus (chana ; Lata) the pharynx give rise 


_ to simple vascularised aimchamber that retains air and performs gaseous exchango, 
like primitive lungs, 


() Bucco-plaryngeal : Example, mud-skipper, the Periopthalamus special 
bucco-pharyngeal cavities are capable of performing gaseous exchanga. 


(7) Opercular chamter: Example Audamia, the opercular chamber is 
specially modified for storing air for respiratory purposes, 


3. Tracheal tubes (tracheal system): In insect and variety 
of arthropods oxygen and carbon di-oxide are not transported by 
blood unlike the animals described above. The respiratory organs of 
insects transport these gases to and from body tissues. These 
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respiratory organs consists of network of air filled tubes called the 


tracheal system. This system opens on to the body surface by pair 


Fig. 5°51. Diagram show!ng A—the respiratory system of cockroach 


and B—exchange of gases through trachea] system, 

of pores called spiracles which are present on each body segment 
ofan insect. Each spiracle generally has a muscular valve and leads 
into a tracheal tube. These tubes are invagination of the body wall 
(skin). As these tubes pass deeper into the insect's body tissue they 
divide and subdivide into ‘tracheal capillaries’ or tracheoles. Gaseous 
exchange takes place through the walls of tracheoles. The oxygen 
taken in through the trachea finally get dissolved in the body fluid 
which facilitates their diffusion into the adjacent cells. 

Breathing tubes of aquatic insects are connected with an internal 
system of trachea. 

Many insects such as bee possess large air sacs as reservoirs. 

In air-breathing snails and the spiders have got invaginations of 
the skin like trachea leading to formation of the so-called ‘lungs’. 


| 
| 
| 
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4. Booklung: In scorpion the respiratory organ is known as 
book lung or pulmonary sac. Four pairs of such book lungs are 


situated on the ventro-lateral sides of the 3rd to 6th preabdominal 
segments. 


STIGMA LAMELLAR AIR — BIQOD 
FREEEND CAVITY LACUNA 


Fig. 5°52. Book Jung of Scorpion, 
Each book lung is formed, like trachea, 


through the invagination of 
the bodywall leading to the form 


ation of a compressed sac-like cavity 
having an internal thin culticular lining. The lining is thrown into 
numerous folds forming numerous lamellae that stands par: 


allel to each 
other resembling pages of a book (hence the name book lung). 
Each lamella, 


in turn, is formed of two thin layers of cuticle united at 
their edges leaving a cavity inside, 
cavity of the lamellae, 
air. 


While the blood flows through the 
the inter lamellae spaces remains filled up with 
The lung book communicate with the exterior through by four 
pairs of oblique apertures, known as stigmata, situated on either 
sides of the body. The entry and exit of the 
performed through alternate 
abdominal muscles, 


atmospheric air is 
contraction and relaxation of the 


Air diffuses through stigma slowly into the book Jung and hence, it is known 
as diffusion hmg in contrast to vertebrate 


lung where air gets straightway entry 
into lungs and is known as ventilation lung, 


m 
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4. Lungs: The respiratory organ of human and other air- 
breathing vertebrates consists of lungs and the air passage that | 
connects them with the environment. 

In some ancestral fishes structures similar to the lung first 


developed in which an outgrowth first appeared at the anterior end of 


i bladder 


MC 


dod 


Fig. 5°53. Stage in evolution of lungs, A—swim bladder of fish, 
B—Salamanders’ lungs, C—Frog’s lungs, D—Toad's Jungs, 
E—Reptile’s lungs and F—Bird’s Jungs. 


the digestive tract. This outgrowth developed into lungs in land 
vertebrates and became a swim bladder (an organ that facilitates floa- 
ting) in fishes. In lung fishes this swim bladder is modified and may 
function as air breathing organ when necessary. 

The lungs of primitive amphibians consist of the lung sacs 
surrounded by blood capillaries. Respiratory surface in lungs of frog 
and toad increases due to the appearance of folds in the lungs. Their 
respiratory mechanism is quite different from human due to the absence 


48 
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of ribs and diaphragm. Air is forced into the lungs due to contraction 
of throat muscles which brings about a reduction in the volume of the 


Air sucked in Nostrils closed 


Air forced 
Through 


larynx 
info lungs 


Air sucked’ 
out of 


lungs 


Fig. 5°54, Mechanism of respiration in toad. A, B, C and D represent 
the sequence of events, 


buccal cavity. During this process the nostrils remain closed. Due to 
the above mechanism a toad cannot respire with its mouth kept open. 
Due to greater subdivisions in the 
lungs, structures become more com- 
plex as are commonly seen in reptiles, 
birds and mammals, 

Lizards, to some extent and birds 
have supplementary air sacs 
connected with the lung and that in 
birds provide great help during flight. 
In pigeon the small lungs are’ 
supplemented by thin walled sacs. 
known as air-sacs. In pigeon there 
are nine air-sacs, one median and 


Fig. 5°55. Lungs and air four paired, one on either side of the 
sacs of pigeon. 


thorax or abdomen. These develop 
at the distal end of the main bronchial branches, 
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The air sacs not only increases lung ventilation but also aids in 
dissipating heat and helps avoid muscular friction during flight. 
Rib-movement in birds become-impossible during flight but due to the 


E piglotiis 
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Fig. 556. Respiratory organs of guineapig- 

presence of air sacs in between certain flight muscles, they are inflated 
and deflated at each stroke of the wings and thus acting as bellows 
help in the movement of air in and out of the lungs. 

Respiration-single and double: When the lungs is pro- 
vided with air-supply only once in each respiratory cycle, it is 
known as single respiration, eg., all vertebrates, excepting birds. ` 

On the other hand, when the lungs receive supply of air 
twice during each respiratory cycle, it is termed as double 
respiration, eg., birds. 
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5'32. Human respiratory system : 
' The human respiratory system consists of respiratory passage, 
Jungs and associated organs. All arè present in the thoracic cavity. ^ 


Nasal cavity 


Internal! nares 


Body wall: 


Pleural 


Diaphragm V 
j ht lun K 
d eerte enowisq.agi 


Fig. 557, Respiratory system of man, 


G) The respiratory passage: The air passages or respiratory 
passage mainly’ consists of nasal canals, pharynx, larynx, trachea, 
"brónchi and bronchioles.. The air enters through the nostrils which 
open through the internal nares into:the pharynx.: After the pharynx 


r 
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the cartilage chamber known as larynx is present. It is also associated 
with production ‘of sound. The trachea is a tubular structure about 
10-13 cm. long and about 2°5 cm. in diameter. It extend from the 


Trachea | 


Mainbronchi 


Primary (lobar) 
bronchi 


Segmental bronchi 


Air conduction 


7 
7, 
Bronchioles 


m. 
p Respiratory 
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gy qs 
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Fig. 5°58, Diagram showing different parts of 
respiratory passaga. 


Gas exchange 


larynx downwards into the thorax where it divides into two branches, 
the right and left bronchi. The bronchi enter the lungs and divide 
and sub-divide into narrow, smaller branches called bronchioles. 
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(ii) The Lungs: The bronchioles divide and sub-divide into fine 


Carbon , Oxygen 
di-oxide 


Fig. 559. Alveoli covered by 
numerous pulmonary network of 
capillaries by which gasaous ex- 
change takes place, 

the thorax lung is attached 
with the dome-shaped 
sheet of skeletal muscle, 
the diaphragm. In between 
the ribs the intercostal 
(internal and external ) 
muscles, are present. The 
diaphragm muscle and 
intercostal muscles are 
known as muscles of 
respiration. Within the 
thorax the- lungs are en- 


closed by the membranous 
double-walled structure. 
The space in between the 
two walls is known as 
pleural cavities and are 
filled with serous liquid. 


branches (Fig. 5°59) and finally 
ends into. blind sacs known 
as alveoli, the physiological 
unit of lungs. There are 
about bilion alveloli in the 
human lung. Each alveolus is 
surrounded by a network of 
capillaries. Oxygen and carbon 
dioxide readily diffuse through 
the thin and moist walls of the 
alveoli. 

(iii) Associated organs: 
The thorax which contains the 
lungs is bounded by the rib 
cage. On the lower side of 


Trachea 


Collar-bone 
Shoulder- 
bone 


Fig. 560. Diagram showing location 
of lungs and associated organs. 
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5:33. Mechanism of Breathing (Ventilation) : 


Breathi 1g is a physical process by which air is taken in and expelled 
out of the lungs. Th> former is known as inspiration and the latter 
expiration. Normally breathing (respiration) rate in man is 14-18 
time per minute. Inspiration is an active process whereas the expira- 
lion is a passive process. Breathing is controlled by the respiratory 
centres which are present in medulla oblongata and pons. During 
inspiration they send impulse to the inspiratory muscle i.€., diaphragm. 


`  Dlaphragm 
pes 5'61. Diagram showing the Fig. 5°62. Diagram showing the 
eflated lungs and position of chest inflated lungs, expanded chest cavity 
wall; ascemding diaphragm during and descending diaphragm, 


expiration, 
and external intercostal muscles through phrenic and intercostal nerves 
respectively. Thus muscles are stimulated and thus contraction takes 
place. Contraction of muscles (active process) causes expansion of 
chest cavity. When the chest expands, its volums increases so that the 
pressure within the chest cavity (intrathoracic or intrapleural pressure) 
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and lungs (intrapulmonary pressure) falls below the atmospheric 

pressure, Thus, air from outside (higher atmospheric pressure) enters 

into the lungs. This is inspiration. After inspiration the thoracic wall 

through its inherent elasticity returns to its former position (passive 

process), The volume of chest cavity is reduced so that the pressure of 

the air within the lungs bccomes higher than the atmospheric pressure, 
_ thus the air is forced out (expiration). 


Types of Respiration: As mentioned above, the human res- 
piration like other animals also occurs at two different steps. The first 


Capilory—. JOf Epilheliumcf 
cB alveolus 


E o" 
ve 


Difisinef P y 


2 X 
Carbon dioxide Aa To pulmonary vein 
rt xc EN 
Fig. 563. 


Diagram showing the external respiration in mammals. 


step is called external respiration, where las the second, step is known #4 
internal respiration. [Definiton given on page number 5-49]. 


External respiration : 


In this type of respiration O, from alveolar air enters into the’ 


blood. in the pulmonary capillaries and the COg. from pulmonary 
capillaries diffuses into alveoli. 


ELEMENTARY IDEA ABOUT LIFE PROCESSES 5-87 


Entry of Oxygen from lungs alveoli into the pulmonary 
‘eapillaries : Pulmonary arteries and capillaries contain venous blood 
(less oxygenated blood). About 14-15 ml. oxygen are carried by 


Partialpressureof 
Oin alveolarair 


Fig, 5'64. Diagram showing entry of oxygen due to pressure 
gradient batween alveoli and lungs capillaries. 


100 ml. of venous blood. The oxygen tension in the venous blood is 
about 40 mm. of Hg. Oxygen tension in the alveoli is about 100 mm. 
of Hg. Hence, Og diffuses from alveoli into pulmonary capillaries due 


to pressure gradient. 


Entry of carbon dioxide from pulmonary capillaries to the 
lungs alveoli : Carbon dioxide is produced in the tissues. It diffuses 
into the tissue capillaries. Thus, after receiving CO, arterial blood 
(more oxygenated blood) is converted into venous blood. 100 ml. 
of venous blood contain about 52 ml. of COs. Carbon dioxide tension 
in this blood is about 46 mm. of Hg. This type of blood circulate in 
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the pulmonary capillaries in the lungs. The CQ tension in the alveoli 
is about 40 mm. of Hg. Due to difference of pressure, CO, diffuses 


ESSUTE 


Partial pressure of P 


CO» in Alveolarair 


-Part'ialp, 


Fig. 5°65. Diagram showing exit of carbon dioxide from pulmonary 
(lungs) capillaries into the alveoli due to pressure di erences. 
from blood into lungs alveoli. During expiration CO, is eliminated 
from alveoli to atomosphere. 

Internal respiration : The exchange of gases (O, and 
CO,) between the blood and tissue is called internal respi- 
ration. By this process the oxygen is utilised by the tissues and 
liberates energy. For this reason internal respiration is also known as 
tissue respiration. 

Op-Partialpressure =400Inm Ha Oz- Partial pressure =100m m Hg 
Arterial blood = 19ml, 


Tissue Cell 


| 


14ml..—— Venous blood -— —— 14ml. 


40 mmHg 


D 
Oz- Partialpressure = 40mm Hg 2" Partial pressure = 40mmHg 


Fig. 5°66. Schematic representation of carriage of O, in blood. 
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Entry of oxygen from blood to tissue : In the lungs after 
«oxygenation the venous blood is converted into arterial blood. 100 ml. 
arterial blood contain: 19-20 ml. of Os. The oxygen tension in the 
tissue is less than 40 mm. of Hg. Due to difference of pressure, Og 
from blood enters into the tissue fluid at first then into the tissue cells. 


Entry of Carbondioxide from tissue to blood: CO, is 
‘formed in the tissue, hence CO, content and CO, tension in the tissue 
is much higher than that of blood. 100 ml. arterial blood contain 


C0;- Partial pressure = 40m m Hg 


Pulmonary 
‘CO; Pari tial 


pressure. 
40mmHg 


t 
C0» Partial pressure = 46mm Hg Coz- Partial pressure = 46mmHg 
Fig. 5567. Schematic representation of carriage of CO in blood. 


.48 ml. of CO, which has tension about 40 mm. of Hg. The COs 
tension in the tissue is about 46 mm. of Hg. Due to difference in COg 
tension, CO, will diffuse out from tissue to tissue fluid and then to the 
"issue capillaries. 


SUMMARY 


Respiration is an ancrgy-liberating process. Jn this process oxidation of 
organic compounds of cells takes place forming carbon dloxide and water with 
tha release of energy. This oxidation may ba complete with the formation of CO, 
and H O as the end products or it may ba incomolete with the formation of 
carbon dioxide and ethyl alcohol or other organic acids as the end products. In 
both through the complete and incomplete oxidation of food matter, energy is 
Jibsrated. In plants thera are no spaciác breathing organs but these are present in 
ithe animals. Thesa organs are cell surface, skin, external and internal gills, trachoa, 
:ait tub», booklung and lungs. Breathing is considered to bs a prerequisite for 
-fespiration, Exchange of gases in small aquatic animals such as Amoeba, 
Paramoecium, etc, is a very simple process. Oxygen of the medium which remains 
in dissolved state diffuses into the body cells and carbondioxide diTuses out from 
the body. This type of simple gaseous exchanga is called direct resniration, But 
in complex froms of animals gaseous exchange is parformed by more com- 
Plicated processes. In this process cartain specialized structures called re-piratory 
organs are involved. In these higher animals respiratory pigments are also 
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present which aré capable of carrying gaseous oxygon; Blood INANE as 
the’ medium: "of transportation. Respiration’ of this kind. is called. indireet 
respiration. Gaseous exchange between blood and environment’ is called” 
external respiration, whereas gaseous exchange between blood and body cells 
is known as interna! respiration, Internal’ respiration is also called tissue 
or cellular respiration as it involves the process of utilization of oxygen 
for energy-libsration, Plants respire either in presenca or in absence. of 
oxygen. The respiration which involves the presence of oxygen is called aerobic 
respiration, The respiration which occurs in absence of oxygen is termed a 
anaerobic respiration. Fermentation is also a process which takes place in lower 
groups of plants like yeast, bacteria, etc. and occurs inthe absence of oxygen. 
Respiration being a complicated procass. glucose is oxidized to yield carbondioxide 
and water through a series of chemical reactions involving three phases—glycol ysis, 
citric acid cycle and terminal respiration, Glycolysis occurs within the cytoplasm 
whereas Krebs cycle or citric acid cycle take place within the mitochondria, Ir 
glycolysis glucose is converted to pyruvic acid. In krebs.cycle pyruvic acid is 
oxidised to carbondioxide and NADH, and several organic acids are formed. 
In the third stage water and energy are produced dus’ to union of oxygen with: 
hydrogen of NADH.. Aerobic respiration take place in all aerobes. Anaerobic: 
respiration take place in a faw anaerobic bacteria. As a result of fermentation ethyl 
alcohol, carbon dioxide, lactic acid atc, ara formed. Aerobic respiration involves 
three stages—glycolysis, krabs Cycle and terminal respiration, Anaerobic respira- 
tion process only involves the staga glycolysis. There are several factors in uencing: 
respiration such as oxygen, temperature, protoplasm and food. 

Human  rospiratory organs comsists of trachea, bronchioles and lungs. 
Normal raté of breathing is 14-18 times per minute, It includes inspiration and 
expiration, This two procass combinedly known as mechanism of respiration and 


take place due to pressure gradient between the atmosphere and respiratory: 
organs and body tissue, 


THINGS TO REMEMBER 
LOMEN 


1. Respiration: may ba defined as t 
with the. release of energy, 


2, Respiration is also known as a biological oxidation, 


3. During Respiration the potential energy storad within the food © 
converted to kinetic energy. 

4. Respiration is. purely à physiological process but breathing in animals. i& 
a physical. process. during. which gascons. exchanga (QO) taken in.and CO; 


he oxidation of food in all Jiving cells 
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liberated) occurs in between the external environment and.the organs rasponsibla 
for breathing. 

5. Plants does not possess any respiratory organs to perform respiration, 
In: their cases stomata and in some cases Jenticel takes part in gaseous exchange. 
Jn halophytic plants like Sonneratia (B. Sundari) pneumatophores oF breathing 
roots help in gaseous exchange. 

6. Glucose, a kind of carbohydrate acts as respiratory substrate. 

7. Most of the organisms are aerobes, which. can maintain. their life in 
presence of oxygen, 

8. Organisms which can live in tha absence of oxygen are anaerobas like 
yeasts, many bacteria. 

9. The biological oxidation which occurs strictly in presence of oxygen is 
called aerobic respiration, while that occurs usually in absence of oxygen is 
termed anaerobic respiration, In case of Anaerobic respiration bound oxygen is 
utilized 

10. Aerobic respiration occurs through three phases—glycolysis, Krebs 
Cyclo and terminal respiration, of which the first two are the main phases, 

11. Glycolysis is the process during which glucose is usually converted to 
pyruvic acid through a series of reactions, each catalyzed by means of a spzcific 
enzyme, 

12. Glycolysis occurs within cytoplasm. ; 

13. In glycolysis 2 mols of ATP and 2 mols of pyruvic acids are produced, 

14. Tho pathway of glycolysis is also called EMP pathway (Embden— 
Meyerhof—Parnas pathway. 

15. In free supply of oxygen, most of the plant tissues oxidise pyruvic 
acid to CO, and HO. This oxidation takes place through a series of reactions 
ina cycle known as citric acid cycle or Krebs cycle (after the name of tha 
Proposer H. A. Krebs). 

16, In Krebs cycle reduced hydrogen acceptor is also produced. 

17. Krebs cycle occurs within mitochondria. 

18. The first acid produced in Krebs cyclo is citric acid. As tha first 
formed acid citric acid possess threa carboxyl groups. (—COOH), hence this 
Cyclo is also called tricarboxylic acid cycle (TCA«cyclo). 

19. In terminal respiration or Electron transport system the reduced 
hydrogen acceptors undergoes oxidation by free oxygen. 

20. Total 38 molecules of ATP are produced in respiration. But 30 
mols, of ATP ara produced in Krebs cycle (in two complete turns). 
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21. Many micro organisms, such as fungi and bacteria, breaks the compis 
organic substances into simpler substances, in which in absence of O 4 energy is 
made available to the cell, > 

22. In fermentation microorganism utilize sugars to convert it into ethyl 
alcohol and CO,, 

3 s eats quotient (RQ) is the ratio of the volume of CO, seine 
to the volume of O, taken in tha respiratory process in the given timo pariod. 

24. The overall chemical equation for aerobic breakdown of glucose is :— 

C;H,,05 4-60, > 6CO, + 6H30 + 674K cal. 
25, The over all chemical equation for anerobic respiration is :— 
C;H,,04 > 2C HOH + 2CO, 4-28K cal. 
(Ethyl alcohol) 

26. Externa] respiration is the process of exchange of air between enviorn- 

menta] air and Jungs air, 


27. Internal respiration is also known as tissue respiration. It is the 
exchange of gases (O, and CO,) between capillary-blood and tissue cell. 
28, 


Single respiration is the process when the lungs is provided with air 
Supply only once in each respiratory cycle, 

29. Double respiraton is a 
during each cycle, 


. :30. Human Tespiratory system consists of respiratory passage, lungs and 
associated organs, 


process when lungs receive supply of air twice 


sa o ua n NM ——— —— SS 
NUTRITION t 

Syllabus : Nutrition : (a) Autotropic— definition, sources of raw materials, 
macro and micro-nutrients (mention only). (b) Heterotropic—de'inition, 
types and sources of food— Carbohydrate, Protein, Fats and oils, vitamins and 


minera]s, (Details &nd chamical composition not required). 
nutrition, 


5°34. Introduction : 


Significance of 


Every living organism Tequires a supply of food for tho maintenance of life 
and the processes connected with life includi, 


etc. A living organism either synthesizes or 
Surrounding environment, The food may ba 
into simpler product Or products. Tha 


ng growth, movement, reproduction, 
Collects its necessary food from the 
utilized directly or may be converted 
Process involved in tha conversion of 
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complex food into simpler product or products is termed as digestior, The 
digested product oF products is absorbed within the body and transformed into 
constituent (s) of protoplasm by the process assimi a':on. All the above processes 
collectively known as nutritor. À 


j Minerals, vitamins and water are also required for various life processes. 

All these essential substances are collectively called wrrients. The process 
which involves intake ingestion and digestion of food materials and after that 
absorption and finally assimilation of absorbed food is called nutrition. In other 
words—Nutrition is the process which deals with the break down of complcx 
food materials in simpler substances and its subsequent transformation to protc- 
plasmic materials. 


5:35. Definition of Nutrition : 


* Nutrition is the combination of processes by which the living orga- 
nism receives and utilizes the materials necessary for the maintainence of 
its functions and for the growth and renewal of its components, "— 
Turner D. F. (1959). 


5:36. What are nutrients and food : 

The organic and inorganic materials which the living organism 
collect from nature to perform all the fundamental activities of the body 
is called nutrients. All nutrients which are collected by the living 
organisms from their surroundings are not considered as food and those 
materials needs no digestion. The essential substances like minerals, 
vitamins and water are collectively called nutrients. 

5:37. What is food : 

By taking those eatable substances growth, nutrition, yield of energy, 
and building of new tissue of the living body takes place are considered 
as food. All foods which are synthesized within the body are nutrients 
and needs digestion. 


Type of food : Food can be divided into two types according 
to their function in the body. 

(i) Proximate principles of food: The food substances which 
help in energy production, body growth, and maintenance of the life 
are called proximate principles of food. 

Example—Carbohydrate, protein, fat or lipid. 

(ii) Protective principles of food : The food substances which 
prevent the body from the attack of various diseases are called protec- 


tive principles of food. Protective principles of food is also known as 
secondary food as they help in metabolism of primany foods. 


Examples—vitamins, mineral salts and water. 
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5'38. Importance of nutrition : 


l. To promote growth, repairing (wear and tear) of ‘tissue -and ‘to 


gain energy in order to control the different metabolic functions are 
the main functions of nutrition, 


2. Through nutrition the potential energy stored within ‘the food 
is transformed into usable energy. By utilising that energy the different 
physio'ogical functions of the living bocy like movement, locomotion, 
excretion, reproduction, etc, are controlled. 


3. Through nutrition disease resistant power of the living body 
develops, 


4. Through nutrition future food matters are stored within the 
living body. From those stored food during Shortage of food (in the 
plant body mainly cs starch and in animals as glycogen and fatty 
substances) in füture energy is produced, 


5. Nutrition plays a special role in production of heat in the animal 
body, to meet the caloric demand of an individual. 

5:39. Types of nutrition : 

Green plants which are c 
materials from simple ino 
self ; tropho, to feed) : 
either photosynthesis or 


apable of synthesizing organic food 
Tganic materials are called autotrophs (autos, 
Autotrophs may Prepare food by undergoing 
chemosynthesis mechanism. Eg., green plant 
(photosynthetic), Iron and Sulphur bacteria (chemosynthetic) nutrition 
exhibited by autotrophs is termed as autotrophic nutrition. 


Nutrition exhibited by heterotrophs is called heterotrophic 
nutrition, 


PLANT NUTRITION 
——— BH RITION 


Nutrition in plants: Plant nutrition a 
phic plant nutrition and Heterotrophic plant 


Phases of plant nutrition: There are two phases of plant 


nutrition (i) synthesis and (ii) assimilation. This type of plant 


nutrition is called holotype nutrition, In autotrophic nutrition the 


plant gains simple and inorganic food elements in the form of liquid 


ts they prepare organic food 


re of two types ; Artotro- 
nutrition, 


I. Autotrophic plant nutrition ; Autotrophic plants obtain the 
energy needed for ‘synthesis of food f 


Tom the sun, "The process by 
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swhich glucose is synthesized from CO, and H,O.in presence of sunlight 
iis known as photosynthesis. i 


sunlight 


-> C&SH 1306 T 6H50- 60g. 
chlorophyll t 

Glycerol, fatty acids, amino acids and other carbohydrates -are 
synthesized from glucose and are stored up complex forms in the 
leaves, stems and roots for future use, These stored materials can be 
transformed into simple. soluble foods by specific enzymes and later on - 
ihe digested food materials are assimilated to form protoplasmic 
.sonstitutent. The mode of digestion is intracellular. 


6CO, + 12H,0 


Epiphytes are those plants which grows over the stem and branches 
Df other plants buf can prepare their own food matters. ^ Their 
‘leaves possess chlorophyll, hence green in colour. They absorb 
moisture from ihe air by the help of the special tissue velamen 


Climbing roots 


(epiphyte) 


Fig. 5°66. Diagram showing epiphytic plant, 


ipresent over the hanging aerial roots and draw necessary food from 

the humus by their absorbing roots. Examples : Vanda (B. Rasna). 
. Hence their mode of nutrition is autotrophic. The mode of nutri- 
tion of climbing plants eg., Scindapsus (B. Gajpipul) is autotrophic. 


. The nutritional requirement of autotrophs include several inorganic 
‘sons. These are obtained by them from their surrounding and are 
*&alled essential elements. 

Essential elements which are required in large amounts are called 
imacroelements. Whereas -the elements which: are required in minute 
quantities or traces are called trace elcments. These elements help the 


plants in proper growth and nutrition. 
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5.40 Macroelements : 


These are Carbon (C), Hydrogen (H), Oxygen (O), Phosphorus (P). 
Sulphur (S), Potassium (K), Nitrogen (N), Calcium (Ca), Iron (Fe) 
and Magnessium (Mg) respectively. In absence of any of these above 
elements normal growth of the plant is disturbed, and different defi- 
ciency symptoms are exhibited by the plants. 


Table No. 5 
Elements | Role in plants 
1. Carbon Carbon compounds formed due to photosynthesis- 
(©) help in fat and protein synthesis. Without carbon 
formation of the living body does not take place. 
Pg EE ESTE SS E I 
2. Oxygen All the food matters of the plants are made up of 
` (Oa) oxygen. Ox is essential during aerobic respiration for 


oxidation of the food. Hence it acts as an oxidant 
during aerobic respiration. Through the process of 
oxygen fixation some of the atmospheric oxygen is. 
incorporated into some inorganic constituent. 


3. Nitrogen 
(N) 


Certain bacteria and blue green algae can utilize’ 
the gaseous nitrogen directly. 

They transform nitrogen to nitrate ions (NO3): 
Higher plants obtain these nitrogen from the soil in 
the form of nitrates. Much of these nitrates is 
reduced to NH, ion and then transformed to amino 

acid for formation of protein molecules. It occurs 
| in nucleic acids, vitamins, chlorophylls, coenzymes, etc. 


4. Hydrogen 


za For organic substances hydrogen is an essential 
Hy 


element. The main component of cytoplasm of the. 
cell is water which contain hydrogen. 


5, Phosphorus This occurs in nucleic acids, phospholipids,. 


(P) coenzymes like, NAD, NADP, FAD etc, and energy 
compounds like ATP, GTP etc. Phosphorus contain- 
ing „compounds are involved in photosynthesis». 
respiration, protein and lipid synthesis. The defi- 
ciency symptoms are stunted growth, leaves turn dark 
blue green, premature leaf full and chlorosis of leaves. 
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—— — = ee aena 


; Role in liit 


i SAREE 
Elements 


6. Sulphur Occurs in proteins, specially enzymes, biotin, co- 
(S) enzyme A, etc. Sulphur containing compounds take 
part in respiration, lipid synthesis, and the deficiency 
symptoms are that leaves turn yellow from green, 
roots developed entensively, red or purple colouration 
due to anthocyanin pigments. 


7. Calcium Calcium is absorbed from the soil in the form of 

(Ca) calcium ions. It plays an important role in. plasma- 
membrane organization, mitosis, chromosomal 
stability, etc. Calcium, acts as an activator of many 
enzymes. It occurs in the middle lamella of the cell 
wall. Its deficiency symptoms are dying out of 
meristems, chlorosis in margins of young leaves ; leaves 
are rolled, curled ; roots poorly developed. 


8. Magnesium It acts as activator of enzymes involved in protein 
(Mg) synthesis, nucleic acid synthesis and carbohydate 
: metabolism. Magnesium is one of the constituents 
of chlorophylls. Due to its deficiency mottled chlorosis 
occurs, leaves become brittle and appearance of 
necrotic spots on leaves, 


9. Tron | Fe plays an important role in overall metabolism 

(Fe) | in plants. Present in certain oxidative enzymes. 
| Takes part in chlorophyll synthesis and respiration. 
Its deficiency causes chlorosis in leaves which is 
predominent in the younger leaves. (Now a days 
| considered as a microelement) 


10. Potassium Activates the enzymes and also take part in carbo- 

(K) hydrate and protein ‘synthesis. Its deficiency causes 
marginal chlorosis in leaves. Potassium deficiency 
affects. the process of respiration, photosynthesis and 
chlorophyll synthesis. Potassium acts as an activator 
of certain enzymes. It takes active part in carbo- 
hydrate and protein synthesis. 


Bio. (5th)—7 ! : 4 
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5'41. Micro element : 


Elements which are required in trace amounts are called trace 
elements or micro elements. These are Manganese (Mn), Boron (B), 
Zinc (Zn), Copper (Cu), Molybdenum (Mo). Sometimes Sodium (Na), 
Iodine (1), Silicon (Si) and Aluminium (Al) are also required in minute 
quantities, 


Table No. 5'16 


Elements | Role in Plants 
Boron It may help in transportation of sugar. Its defi 
(B) ciency causes the terminal leaves to turn white, 


rolled, and internodes are shortened. Abcission of 
flowers, death of root and shoot tips, etc. take place. 


Copper Present in certain oxidative enzymes. It helps 
(Cu) in photosynthesis. Deficiency of copper causes wilting 

of terminal shoots and fading of leaf colour. 
Manganese It acts as activator of certain enzymes. Take 
(Mn) part in photosynthesis, respiration, nucleic acid 


synthesis, nitrate reduction. Its deficiency causes 
mottled chlorosis of leaves when veins turn green. 
Chloroplasts become yellowish green, vacuolated and 
may disintegrate finally. 


Cobalt Acts as a growth promoter and is present in 
(Co) vitamin B; s. 


Chlorine Its deficiency causes wilting of the leaf tips due 
(Cl) to chlorosis. It influences plant development. 
Molybdenum 


Take part in nitrogen fixation, nitrate reduction 
(Mo) etc, Acts as an activator of enzymes. Its defi- 
ciency causes the stoppage of development of leaf 
blade, and chlorosis of leaves ; flower formation is 
inhibited, marginal necrosis may occur in leaves. 


BIBAHAY,QCOUL IM leaves - 
At is involved in IAA synthesis and acts as at 
(Zn) activator of many enzymes and helps in protein 
synthesis. Its deficiency causes chlorosis and necrosis 
of leaves and premature shedding of leaves. 

Distorted appearance of pl i à 
ant leaves which be 

come rosetted and stunted pacem may occur. 
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Table No. 5°17 
Differences between etiolation and chlorosis 
Etiolation Chlorosis 


LSU. lor i eee VLL Meere : 
1. In dark the physiological phe- | 1. In presence of light due to 


nomenon showed by the green the deficiency of some mineral 
plants is etiolation. elements this physiological 
disease occurs in the plant 
body. 
2. No mineral deficiency is ex- | 2. Here deficiency of certain 
hibited by the plants. elements like Fe, Mg, Ng takes 
place. 
3. This takes place only in dark- | 3. Generally this affect is caused 
ness. by deficiency of certain 


mineral elements. 

4. The symptoms of this are | 4 
elongation of stem with yello- 
wish, colourless and un- 
expanded primary leaves. 
Pigments like chlorophyll, 


carotenoid and anthocyanin do 
not occur. 


The symptoms for this are 
nongreen leaves, pigments like 
xanthophyll, carotenoids and 
anthocyanins occur. 


Sources of nutrients for plants from the environment. 


Carbon: This is obtained by all autophytes from the environ- 
ment in the form of gaseous or dissolved (in aquatic 
plants) carbon dioxide. : 

Oxygen: Oxygen is taken in by the plants from the atmosphere. 

. Respiratory water is the oxygen reduced to water in 
the time of respiration. * 


Nitrogen: Plants are not capable of absorbing nitrogen directly 
from the surrounding. But certain bacteria and blue 
green algae which can fix this gaseous nitrogen into 
nitrate (NO3) ions helps the higher plants in acquiring 
the nitrates from the soil. 


HNO; or nitric acid is also formed due to electrical 
discharge brought down by rain and ultimately form 
nitrates as a result of reaction with other substances. 
Amino acid formed as a result of death and decay of 
plant and animal bodies acts as a source of nitrogen. - 
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Sulphur: Sulphur in the form of sulphur dioxide is sometimes 
absorbed and assimilated by the plants. 


Water : It acts as a good source of nutrition. Water is mainly 
` absorbed from the soil by means of root hairs. Water 
is used in hydrolytic reactions and also as a reactant 

during the light phase of photosynthetic mechanism. 
Sugar : Sugar is produced within the green cells. Some es 
the sugar is used up in respiration and the other is 
transformed into carbohydrate, some are used in 


the production of fats, proteins and stored as reserve 
food materials, 


Minerals: Soil is the source of different minerals required by ze 
plants as nutrients, through epiphytic plants (like 
Vanda sp.) obtain their necessary minerals from e 
dust particles which fall on their surface from the air. 
Carrying out different experiments it is found that of 
all the elements present in plant tissues 16 are essential 
to the higher plants and the absence of any one of 
this 16 essential element will retard the plant growth 
giving rise to its premature death, 


Water culture experiments : The essentiality of a particular ` 


mineral element for normal growth and development of plants can be 
determined by water culture experiments. This technique now-a- 
~ days’ applied extensively to grow plants within the laboratory for 
different experimental utilities, For that culture experiment the mineral 
solution used is called culture solution or nutrient solution. 


, Water culture experiments by Knop's or hydroponics: The 


culture of plants with their roots in solution of mineral salts without 
. Soil is known as water culture experiments or hydroponics. 


The different objectives are stated below — 
1. Determination of the elements required for proper growth. 
2... Their best needed forms, 


3. Role of each element in the life of the plants, their effects in the 


< plants when present in excess as well as when present in deficit 
amount, : 


oo 


H,0). In order to obtain 0'1% solution we have to mix 1 
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(W. Knop's normal culture solution 1865) 
Macronutrients. 
1. Calcium nitrate Ca(NOo)s 4g. 
2. Magnesium sulphate MgSO, 1g. 


3. Potassium dihydrogen phosphate KH PO, 1g 
4. Potassium nitrate KNOs 1g. 
Micronutrients. 


1. Soluble salts of Cu, Mn, Co, Mo, B, Ti, V, Cr, W, Ni 
elements—in trace amount. 
2. Distilled water. —1000 ml. 


The strength of this solution is about 079, (i.e 7g. in 1000 ml 
part of the 


Fig. 5°67. Water culture experiment. 1. Wormal plant growth in normal 


culture solution. 2-8. Culture solution minus ona elemant—plants 
showing deficiency symptoms. 


former solution with 6 parts of water. The solution resulting is suitable 
„for plant growth and is called normal solution. 


"Vs: The formulae of culture solutions as formulated by Pfeffer and Sachs 
are stated below. 


Pfeffer’s normal culture'solution : 


Potassium chloride KCI —0'5 gm. 
Potassium nitrate KNOs —1'4 gm. 
Calcium nitrate Ca(NOs)s —4'0 gm. 
Magnesium sulphate MgSO, — —1°0 gm. 
Potassium dihydrogen phosphate KH,PO,—10 gm. 
Ferric chloride FeCls —0'5 gm. 
Distilled water j —700 ml. 


4428 
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Sachs normal culture solution : 


Calcium phosphate —0725 gm. 
Calcium sulphate —0'25i gm. 
Magnesium sulphate —0'25 gm. 
Sodium chloride —0'08 gm. 
Potassium nitrate —070 gm. 
Ferric chloride — 0'08 gm. 
Distilled water —1000 ml. 


At first the seeds are soaked in distilled water. They are grown on 
wet blotting papers in petridishes. Now they are transferred to the 
culture solutions, 

Seedlings are grown in (1) normal culture solution (0'1%) and (2) to 
(8) in similar culture solution minus one element. The later acts as 
an experimental sets and the former being the control plant. Now the 
effects of deficiency of the particular element is determined when we 
compare the growth exhibited by the experimental plant and the 
control plant. So we can understand the effects of an element very 
well by this method. 


Sand culture and charcoal culture experiments : 


Some difficulties may arise while carrying out the water culture 
experiment. (1) Young seedlings may get submerged. (2) Roots 


VM MMU, 


: Solution 


Inlet'tube 
for aeration 


Fig. 5°68, Water culture experiment (modified 

after Bonner & Galston), 
Temain in submerged condition and the pl t 
remain : ants may c se due to 
inhibition of aerobic respiration. ji wh DP 
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In order to avoid the above difficulties the sand or charcoal culture 
experiments are performed. In these cases fine and thoroughly washed 
charcoal powder or sand (washed, dried, ignited in order to remove the 
organic matter's) is used as the medium of addition of the liquid culture 
medium to give better results. 

Il. Heterotrophic plant nutrition ; Plants which are devoid 
of chlorophyll are in capable of manufacturing their own food within 
their body. So they are dependent on green plants for their nutrition. 
They are known as heterotrophic plants. In these plants the mode 
of digestion is extracellular. This type of nutrition in heterophytic 
plants are of many types as stated below :— 

1. Parasitic nutrition : The process by which a plant obtain 
its necessary nutrition from any other plants or animals is called 
parasitic nutrition, The plants drawing in nourishment are called 


N SN 
AS A 


EN 


Fig. 5°69, Total root parasite Rafflesia. 
parasites and from which the nutrients are drawn in are called 
hosts. Parasites. generally suck in the nutrients by their adventitious 
roots haustoria. Parasites-are of two types—(i) Total parasites or holo- 
parasites (ii) Partial parasites-or semi parasites. Plants like Cuscuta 
reflexa, Rafflesia arnoldi, etc. draw in their total nourishment from their 
respective hosts. Hence they are called total parasites. Plants like 
Loranthus longiflorus, Santalum album, etc. being green in. colour can 
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prepare their partial food and are dependant on the host plants only 
for water and minerals. Hence, they draw in partial nourishment and 
are called partial parasites. 


Some examples of parasites : 


(a) Total stem parasite: Cuscuta reflexa (dodder, swarnalata), 
Orobanche, etc, are provided with haustorial discs which helps them to 
penetrate the host body to draw in nourishment. 
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à Fig 5°70. Cuscuta and  - Fig. 5°71. Orobanche 
: its host, and its host. 


The smallest dicotyledonous {plant Arceuthobium | minutissimum, 
Which bear mycelium like portion forming network in the bark is 
also a total stem parasite, 

(6) Total root parasite : Balanophora 
dioica, Orobanche caryphylacea, Aeginetia 
pedunculate, Rafflesia arnoldi are total root 
parasites. i 

() Partial stem parasite: Viscum 
album, Loranthus longiflorus, obtain 
nourishment from their Host plant by 
means of sucker or haustoria. 


(d) Partial root parasite : Santalum 


album, the sandal wood tree bears some 
Fig. 5°72. Ectotrophic ^ sucking roots Which penetrate through the 
mycorrhiza—Sarcodes, roots of the host plant to draw in nutrients. 
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2. Saprophytic nutrition : Saprophytes are certain non green 
plants which draw their nourishment from the dead and decomposed 
organic substances formed as a result of decay of plant and animals. 


777 
s 
Za 


= 


__. “Fig. 5'73. Monotropa [angiospermic plant] (left) and Agaricus (right). ' 


imer A 
This type -of nutrition is termed to be saprophytic. nutrition. Eg. 
Monotropa, Agaricus, etc. Certain enzymes are released from the plant 
body which digest the decayed organic substances and this simplified 


This type of nutrition is also of two types ^ 
(i) Total saprophyte : These type of saprophytes are dependent 


Fig. 5°74. Diagram showing different total saprophytes 
(A) Mucot, (B) Yeast, (C) Penicillium. 
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fully on the dead and decayed organic substances for their nutrition. 
Examples, Mucor, Penicillium, Agaricus, Bacteria, fungi, Monotropa 
uniflora, certain orchids, are examples of total saprophytes. These 


saprophytes are generally devoid of roots and chlorophylls, 


(ii) Partial saprophyte : Certain green plants are dependant 
partially on these dead decayed matters, so they are called partial 
saprophytes, Autotrophic nutrition is noted in the Pinus plants as 

they are green in colour, but they are called partial saprophytes -as. 
they can absorb organic substances with the help of certain fungus 
growing in their roots, 


3. Symbiotic nutrition : When two organisms live in close 


association with each other for their mutual benefit in nutrition, the type 
of nutrition is called symbiotic 
nutrition. Each of the pair is called 
Symbiont and the mode of 
their association is termed as 
symbiosis. Eg., Rhizobium living 
in the root nodules of leguminous 
plants are capable of fixing atmos- 
pheric nitrogen to help in ammonia 
production. After that ammonia 
is taken in by the leguminous 
plants and in lieu of which they 
donate carbohydrate food to the 
Rhizobium, Symbiotic nutrition 


: lies betw ants and animals 
Fig. 5°75, Leguminous plant Av d 
With root nodules, €g., Zoochlorella and Hydra. 


Symbiotic nutrition are of two types— 
(i) Mutualism : 


mutual benefit in obtai 


D 


When two plants live in close association for 
ning their nutrition, the type of nutrition is 
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called mutualism. Eg. Lichen, This is formed of an alga and a fungus. 
The alga obtain water, CO, and minerals from the fungus whereas 


Fig. 576. Lichens—(A) Crustose, (B) Fruticose. 


the fungus draws in carbohydrate type of food matter and oxygen from 
the alga. The fungus protects the alga from drying up. 


(i) Commensalism : When two plants living together obtain 
their nutrition independently then the type of nutrition is called 
.commensalism. This type of plants do not affect their hosts as they are 
capable of preparing their food. 

Example—Ficus benghalensis (B. Banyan). 

. A Special type of symbiosis is found between the roots of higher 

plants and fungus. This is known as mycorrhiza. 

u) Ectotrophic mycorrhiza—when the fungus lives outside the 
tissues of root. e.g, Pinus, Oak, etc. 

The fungus after replacing the normal root hairs of plants like 
Sarcodes, etc., form a covering outside the roots of trees. 

(ii) Endotrophic mycorrhiza—When the fungus lives inside 
the root cortex. eg., non green orchids like Corallorhiza, Neottia, etc. 


4. Nutrition of insectivorous plants : Certain green plants 
which are unable of drawing nitrogenous nutrients form the soil secure 
the same from insects. These plants are called insectivorous plants. 
The process of nutrition by which these plants take in insects and digest 
the protein part within body with the help of certain enzymes is 
called insectivorous nutrition. Digestion of protein gives rise to the 
formation of amino acids an indirect source of nitrogen. 


Some examples of the insectivorous plants are stated below : 


(a) Pitcher plant (Nepenthes khasiana Fam. Nepenthaceae) : In 
these plant the leaf blade is modified into a pitcher shaped structure 
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and the leaf apex is modified into a lid. The petiole at the lower 


Fig. 5°77. Diagram of Pitcher plant and mode of nutrition in pitcher, 


part is flattened as a leaf and that of upper part take the shape of 
a coiled tendril. 


(b) Bladderwort (Utricularia stellaris, Fam. Lentibulariaceae) : 
Here some of the leaves are modified into bladder like structures which 
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Fig. 578. Bladderwort, 


is supplied with a valve, opening inwardly, the bladder 
bears several digestive gland x “0 ahmed 


nds. It is a rootless aquatic insectivorous plant. 
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3. Sundew (Drosera indica, Fam. Droseraceae) : Here the upper 


surface of the leaf blade contains hairs and glands which secrete a sticky 


Tendrils 


lamina Closed 
A d -B 


Fig. 5°79. Diagram of (A) Dionoea, (B) Drosera. 


fluid. Insects are attracted by the leaf surface and gets entangled. 
The hairs close up the insect and the glands secrete out enzymes which 


digest its protein substance"fully. 


4. Venus flytrap (Aldrovanda vesiculosa; Fam. Droseraceae) : 
Itisa rootless aquatic insectivorous plant. Leaf blade bears two 
halves, Upper surface of the leaf and along the midrib sensitive trigger 
hairs are present along (he digestive glands. An insect is trapped 
firmly by the leaf bearing trigger hairs and digestion is completed with 


the help of digestive fluid secretion from the glands. 


eee 
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Table No. 5°18 
Differences between Autophytes and Heterophytes. 


Autophytes 


Heterophytes 


are heterophytes. 
ee Ophytcs. — — — — 


92 


tion and egestion. 


. They ean prepare their own 


food matters within their body, 
hence for food they are in- 
dependent. 


Chlorophyll is present within 
their body, 


Their mode of nutrition is 
called autophytic nutrition. 


1, 


They generally collect simple | 4. 


and inorganic elements in the 
form of liquids and gases for 
nutrition. 


All kinds of green plants are 


autophytes including epiphytic 
orchids, 


B 


They can not prepare their 
own food matters within their 
body for food they are depen- 
dent upon the autophytes. 
Generally chlorophyll.is not 
present within their body. 
Their mode of nutrition is 
called heterophytic nutrition. 


They generally collect complex 
(solid and liquid) food. 


Parasites, Saprophytes, Sym- 
biosis and Insectivorous plants 


Table No. 5'19 
Differences between holophytic and holozoic nutrition 


Holophytic 


- This is the process of nutrition 


of autophytes, 


Simple and inorganic subs- 
tances are taken in, in the state 
of solution or gas, 


In this process the plant pre- | 3 


pare their own food. 


This type of nutrition take 
place by two phases—synthe- 
sis and assimilation, 


1, 


2. 


Holozoic 


This is the process of nutrition 
of the heterophytes, 

Complex food matters in the 
State of solid or liquid are 
taken in. 

Here the ‘heterophytes are 
directly or indirectly dependant 
on the autophytes. 

This type of nutrition take 
place by five phases—ingestion, 
digestion, absorption, assimila- 
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Table No. 520 


Differences between saprophyte, parasite and symbiosis 


Saprophyte Parasite Symbiosis 

1. They are dependant | 1. They are depen- | 1. In this type two 
on dead and deca- | dant on living organisms may 
yed organic and organism (host) live in close- 
inorganic matters for their nutri- association with 
for their nutrition. tion. each other for 


mutual benefit. 
2. They absorb com- | 2. They absorb | 2. In this case the 


plex or semi complex simple food two closely asso- 
food elements from matters from the ciated organisms 
the dead decaying body of the derive their food 
inorganic and living host plant. matters for nutri- 
organic matters. tion out of each 
s other. 
3. They do not harm |3. They harm their | 3. Both the orga- 
their host as their host. nism living to- 
hosts are dead. gether are mu- 


tually benefited. 
4, Their nutrition pro- | 4. Their nutrition 4. Their process of 


cess is called sapro- process is called nutrition is called 
phytic nutrition. parasitic nutri- symbiosis. 
tion. 

5. Different types of | 5. Swarnalata, Ra- | 5. Lichen,  Rhizo- 
fungi (Agaricus) fflesia, etc. are bium, etc. are 
form an example some examples examples, of this 
of this group. of this group. group. 

et this group. —.. | P group. — j 


ANIMAL NUTRITION 


5:42. Introduction : 

As previously mentioned that the nutrition plays a special role in 
production of heat in the animal body to meet the caloric demand of 
an individual. Energy as calorie for physiological processes is provided 
by the combination of carbohydrates, proteins and fats. The daily 
energy requirement or daily caloric need (for an animal) is the sum 
of basal metabolic rate (BMR) plus nature of work done by the 
individual. The average caloric requirement of a man doing normal 
Work is about 3,000 Kcl. 
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Calorie (Cal) : The unit of energy is mainly expressed as heat 
unit or energy equivalent of food stuffs—the Calorie (Cal) or small 
Calorie. Calorie is defined as the amount of heat energy which can 
‘raise the temperature of 1 gm. of water from 15°C — 16°C. In biologi- 
cal system the unit used is the large calorie or kilo-calorie (K cal). 
Kilo calorie is defined as the amount of heat required to raise the 
temperature of 1 Kgm. of water from 15°C— 16°C. 


_ Caloric value of foods : (a) 1 gram of protein yields 4'0 calories, 
(b) 1 gram of fat yields 9'3 calories. (c) 1 gram of carbohydrate 
yields 4'1 calories. 

.For daily caloric requirments normally an adult man weighing 
about 65—75 kg. daing moderate work should consume 100 gms. 
proteins, 100 gms. fats and 400 gms. carbohydrates (ie. 1: 1:4 
=Protein : Fat ; Carbohydrate). 


Quantity of food for an adult male depend on his BMR, nature of 
work done, growth, and other physiological condition. 


Basal metabolic rate (BMR): Definition: Itis the amount 
of. heat. given out by a subject who, though awake, is lying in a state 
of maximum rest (physical and mental) under comfortable conditions 
of temperature, pressure and humidity, 12-18 hours after meal. 


‘Normal BMR: BMR is expressed as the heat production per 
sq. metre of body surface per hour. 


Normally: In adult male BMR is about 40 Cal/hour|square 
metre of body surface. 


In adult female BMR is about 37 Cal/hour|sq. metre of body surface: 


Balance diet : It means that in planning a diet, the essential 


constituents such as protein, fat, carbohydrate, minerals and vitamins 
must be supplimented in such a proportion that the individual can 


maintain his growth, working capability, nitrogen balance and prevent 


any specific deficiency disorder, containing the full calorie requirement. 


d 5°43, Types of foods : 


In this chapter it was discussed earlier that foods are mainly of two 


-types (1) Primary foods such as carbohydrates, protein and lipid and 


(ii) Secondary foods such as vitamins, 


minerals and water. | Detailed. 
are as follows— 
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5'44. Carbohydrate : 


Carbohydrates are among the most widely distributed compounds 
in both plant and animal kingdoms. Plants can build up carbohydrates 
from carbon dioxide by photosynthesis. Many plants and animals 
contain large quantities of carbohydrates as reserve food material. 


Definition: Carbohydrate is defined as a neutral com- 
pound made up of carbon (C), hydrogen (H) and oxygen (O), 
the last two elements remain in the same proportion as in water 


(2 to 1). The general formula of simple carbohydrate is C, (HO). 


Classification : Carbohydrates are classified according to number 
of simple sugar present in the molecules, viz, Simple carbohydrates 
and Compound carbohydrates, 


1. Simple carbohydrates or Monosaccharides (Gr. monos, 
one; sakkharon, sugar): Those carbohydrates which contein 
only one unit of simple sugar are called as monosaccharides. 

Examples—glucose, fructose, ribose, etc. It is further classified in 
two ways: (i) According to the nature of reducing group they 


Fig. 5°80. Diagram showing a few sources of carbohydrate. 
A—Grape, B—Wheat, C—Paddy, D—Sugarcane, E—Beet, 
F—Potato an G— Corn. 
contain, viz. (a) aldoses (contain aldehyde, —CHO group)—as in 


Bio (5th)—8 


ii 
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glucose, galactose, etc. and (b) Ketoses (contain ketone C=O group)— 
as in fructose. (ii) Depending on the number of carbon atoms, viz. 
triose, tetrose, pentose, hexose, heptose, etc. which contain 3, 4, 5, 6 
and 7 carbon atoms respectively. 


Most biologically, important monosaccharides are pentoses [contain 
five carbon atoms in the molecules of ribose (found in RNA) and 
deoxyribose (found in DNA)] and hexoses [contain six carbon atoms, 
as in Glucose (dextroseasin-grape-sugar), fructose (fruit-sugar)], ete. 


2. Compound carbohydrates: Those type of carbohyd- 
rates which are composed of two or more molecules of mono- 
saccharides joined by the glucosidic bonds or linkages are 
called as compound carbohydrates. They are of two types: 


Simpler compound carbohydrates and more Complex compound 
carbohydrates. 


A; Simpler compound carbohydrátes or oligosaccharides 
(Oligos, few) : Those carbohydrates which are composed of only 
a few monosaccharide units are known as oligosaccharides. 
It includes disaccharides, trisaccharides, tetrasaccharides and according 
to some authorities pentasaccharides. They are so named because 
on hydrolysis they yield 2, 3, 4 and 5 units of monosaccharides. 

(a) Disaccharides [(CgH1205)3—H,O]: It is the most impor- 
tant oligosaccharide which contain 2 units of monosaccharides. 
Examples— 


(i) | Maltose (Malt sugar) Composed of glucose plus glucose. 

(ii) Lactose (Milk sugar) - Composed of glucose plus galactose. 

(ii) Sucrose (Cane sugar)=Composed of glucose plus fructose. 

(b) Trisaccharides have three monosaccharide units. 

Examples—Raffinose (fructose + glucose J- galactose), Robinose 
(galactose +-rhamnose+rhamnose), Mannotriose (galactose + galactose 
-++ glucose), etc, : 


(c) Tetrasaccharides contain 4 units of monosaccharides. 

Examples—stachyose, scorodose, etc, 

B. Complex compound carb 
[C;Hi90;.H5,0),]: Those 
composed of many (10 or more 


linked by glucosidic bonds are 


ohydrates or Polysaccharides 
carbohydrates which are 
) molecules of monosaccharides 
called polysaccharides. 
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Examples— 

(i) Starch: It is the reserved food substance in the plant 
cells, It occurs as grains which may be spherical, oval, Jens-shaped or 
irregular. It is insoluble in water and gives blue colour with iodine. 


(ii) Glycogen: It is called ‘animal starch’, as it occurs in the 
liver and muscles of the animal body. It is soluble in water and gives 
reddish colour with iodine. 


(i) Dextrin : It is found on partial hydrolysis of starch by 
acids or amylase (enzyme). It consists of very complex mixture of 
molecules of different sizes and structures. It is soluble in water and 
give reddish brown colour with iodine. 


(iv) Cellulose : It is the most important structural component 
of the cell wall of plants. It is also found in a few microorganisms and 
lower organisms. It forms the ‘bulk’? or ‘roughage’ of food but not 
digested by the man due to absence of cellulose-digestive enzymes. 
It is insoluble in water and gives no colour with iodine. 


Other polysaccharides : Chitin (found in invertebrates, fungi), 
Pectins (rind of citrus fruits), Galactan (snails), mannans (cell wall 
of yeast), inulin & xylan (reserved carbohydrate of many plants), 
agar, etc. 

5:45. Proteins (Gr. proteios, primary or holding first place) : 


Protein is an organic material of protoplasm made up of carbon (C), 
hydrogen (H), oxygen (O) and nitrogen (N) atoms, some protein may 
contain sulphur (S) and phosphorus (P). These atoms form amino 
acids, the organic acids, which contain at least a free amino group 
(—NH ) and a carboxyl group (—COOH). Peptide linkage 
(CO—NH) is formed by the union of the —NH, group of one amino 
acid with the —COOH group of another. This linkage combines 
with two amino acids, In this way several peptide linkages join the 
number of amino acids and form the protein molecules. Thus amino 
acids are considered as the units of the protein molecules. 


CH, .CHNH,—CO iOH--Hi NH.CH,COOH— 
Alanine (amino acid) — i.e : glycine (amino aci 
CH;.CH.NH, —CO 

Alany 
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Definition of Proteins: Proteins are poly mers formed by 
monomeric units (molecular units) called amino acids. 


Classification of proteins: Proteins may be classified in many 


ways. Generally it is classified as follows according to English School 
of physiologists, - 


Protein 

| | | 
Simple protein Conjugated protein Derived protein 
Albumins Nucleoproteins Proteans 
Globulins Phosphoproteins Metaproteins 
Glutelins Metalloproteins Proteoses 
Prolamines Chromoproteins Peptones 
Scleroproteins Glycoproteins Polypeptides 
Protamines Lipoproteins 


Histones 


Fig. 5°81. 


Diagram showing a few Sources of protein, 
A. Simple protein : Simple proteins are defined as those 
proteins which upon hydrolysis yield only amino acids or their 
derivatives. 

1.. Albumins : 
by heat. j 


ON 


The albumins are soluble in water and coagulated 
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Examples: X includes egg albumin of egg white, serum albumin 
of plasma, lactalbumin of milk, myoalbumin of muscle, etc. 


2. Globulins: The glubulins are insoluble in water but soluble 
in salt solution. They are heat coagulable. 

Examples: It includes ovoglobulin of ege-yolk, serum globulin of 
plasma, myosin of muscle, etc. ; 


3. Glutelins: The glutelins are soluble in very dilute acids and 
alkalies, but they are insoluble ‘jn neutral solvents. They are heat 
coagulable. They are plant proteins. i 

Examples: Yt includes glutalin of corn, glutenine of wheat and 
oryzenin of rice. . 


4. Prolamines: They are soluble in 70—80% alcohol but they 
are insoluble in water, neutral solvent or absolute alcohol. They are 
also plant proteins found principally in seeds. 

Examples: Yt includes zein of corn, hordein of barley; gliadin of 
wheat, etc. 


5. Scleroproteins Or Albuminoids : These type of proteins 
are the least soluble of all the proteins. They are entirely animal 
proteins and are the chief constituents of exoskeletal structures. 

Examples : Yt includes keratins of hair, horn, hoofs, nails ; elastin 


of connective tissue and ligaments; collagen of bones, cartilage and 
tendons. 


6. Protamines: The protamines are the simplest. of the 
proteins. They are strongly basic and soluble in water. They are not 
coagulated by heat. 

Examples: It includes salmin and clupeine of salmon and herring 
flsh sperm respectively. 

7. Histones: The histones are soluble in water. They are not 
readily coagulated by heat. Histones are basic proteins. 

Examples:  Histones include globin of haemoglobin. 


B. Conjugated protein : The proteins in which simple 
protein remain combined with some non-protein substances 
are known as conjugated protein. 


1. Nucleoproteins: They are composed of simple basic 
proteins (protamine or histone) and non-protein substances, nucleic 
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acid, The nucleic acid is made up of nucleotides. Each nucleotide 
(mononucleotide) is composed of pentose, nitrogenous base and phos- 
phoric acid. The pentose, ribose, is present in ribonucleic acid (RNA), 
where as deoxyribose is present in deoxyribonucleic acid (DNA). 
Bases are of two types (a) purine bases—adenine and guanine and 
(b) pyrimidine bases—cytosine, thymine and uracil (vide page no. 157). 


2. Phosphoproteins: These type of proteins remain combined 
with phosphoric acid. 


Examples: Tt includes caseinogen of milk, vitellin of egg-yolk, etc. 


3. Metalloproteins : The proteins remain combined with 
metallic elements and form metalloproteins. 

Examples: It includes a large group of enzyme proteins which 
contain metallic elements such as Fe, Co, Mn, Zn, Cu, Mg, etc. and 
the haem proteins which contain iron are metalloproteins. 

4. Chromoproteins: They are composed of simple proteins 
and remain united with a colouring matter. 

Examples: t includes haemoglobin [haem (a iron containing 
pigment) + globin (a protein)], flavoprotein, cytochrome, ctc. 

5. Glycoproteins: These are proteins in combination with 
carbohydrates. The. carbohydrate is usually mucopolysaccharide 
consisting of hexosamine and glucoronic acid. 


Examples: t includes mucin, follicle stimulating hormone, 
luteinising hormone, etc. 


6. Lipoprotein: The lipoproteins are formed by combination 
of protein with a lipid. 

Examples : Cell membrane, brain, egg yolk, etc. contain abundant 
lipoprotein, 

C. Derived protein: Those proteins obtained as inter" 


mediate products during hydrolysis of simple or conjugated 
proteins are known as derived proteins. 


Examples:  Proteans, metaproteins, proteoses, peptones and poly- 
peptides. 


5°46. Types of proteins : 
According to quality, protein are of two types— 


(1) First class proteins: They generally obtained from the 
animal sources such as milk, eggs, meat, fish, etc. Thus animal proteins 
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are first class protein or proteins of high biological value. First 
class proteins contain more essential amino acids which are the basis 
of qualitative aspect of protein materials. s 


(2) Second class proteins : Plant proteins are generally second 
class proteins. 


Twenty amino acids are commonly found in proteins. Autotrophic organisms 
the green plants, synthesize their amino acids, Animals, the heterotrophic 
organisms however, must obtain certain amino acids in their diet because they 
cannot be synthesized in ths body. This type of amino acids are called essential ` 
amino acids. Thus essential amino acids are those which are essential for body 
growth, nitrogen balance, wear and tear, etc. but are not synthesized in the body 
and thus obtained through the diet. In man, following amino acids have been 
found to be essential. Arginine, Valine, Histidine, Isoleucine, Lysine, Leucine; 
Methionine, Phenylalanine, Tryptophane and Threonine. 

5:47. Lipid: 

Like carbohydrate and protein lipid is also an organic compound 


made up of carbon, hydrogen and oxygen. In contrast to carbohydrates 
it contains less oxygen. 


Definition: Lipids are defined asthe esters of higher 
aliphatic acids which is insoluble in water but soluble in fat 
solvents like chloroform, ether, benzene and carbon tetra- 
chloride. (The salts of alcohols with acids are known as esters). 


Classification of lipids: Lipids are classified as simple lipids, 
compound lipids, derived lipids (sterols and hydrocarbon). 


1. Simple lipids are esters of fatty acids with glycerol and other 
higher alcohol. Examples : Tt includes— 


(a) Fats are esters of fatty acids with glycerol and are generally 
called triglycerides. 


(b) Waxes are esters of fatty acid with alcohol other than glycerol. 
The common waxes are Bee's wax, Lanolin, Spermaceti, etc. 


2. Compound lipids—Fats combined with other non-fatty subs- 
tances are called compound lipids, Examples : Yt includes— 

(d) Phospholipids or phosphatids : These are compound lipids 
containing phosphoric acid and nitrogen base in the molecule; Examples : 
Lecithin, Caphalin (kephalin), sphingomyelin and plasmalogen. 
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(b) Glycolipids contain a carbohydrate (galactose) and sphingosin 
the nitrogen base but no glycerol and phosphoric acid radicle are 
present. They are present in the brain and myelin sheath of nerves. 


VANASI 
E ag siii 
SS: UO JU 


Fig. 5°82. A few sources of lipid, 
(c) Lipoproteins are the conjugated products of lipid with 
proteins. "These are present in brain, plasma, etc. 
(d) Gangliolipids contain spingosine, fatty acid, hexose, hexose- 


amine and sialic acid. It is found in nerve cells, spleen and red 
blood cells. 


Fats: As previously mentioned, fats are ester of fatty acid 
and glycerol. 

Fatty acids found in natural fats, usually contain even number of 
carbon atoms and are straight chain derivatives. They may be 
saturated or unsaturated. Saturated fatty acid do not contain 
double bonds but unsaturated fatty acids contain one or more 
double bonds. 

CH;,—CH,—CH,—CH,;—CH;—CH,---..:CH4—CH3—COOH 

(Saturated fatty acid) 

CHs—CH,—CH=CH—CH—CHy «++... CH,—CH,—COOH 


(Double bonds) (Unsaturated fatty acid) 
The most common. saturated fatty acids are palmitic acid, stearic 


acid, myristic acid, lauric acid, ete, The unsaturated fatty acids are 
lenoleic acid, lenolenic acid, arachidonic acid, etc. 


CN 
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All these unsaturated fatty acids are known as essential fatty acids. 
Because they are not synthesised in the body but essential for the body, 
thus they should be taken through diet. ; 

Glycerol contain replacable OH group, thus behaves as alcohol. 
One molecule of glycerol combines with three molecules of fatty acids 
to produce one molecule of triglycerides or fat as follows. 


CH,OH Ci 5H31CO0H Cy 5H3,COOCHa 
lipase 
ews + C,;H3,COOH = Cı sH, COOCH + 3H,0 
water 
CH,OH C4,4H31COOH C45H51CO0CH; 
1 mol glycerol 3 mol fatty acids 1 mol of triglyceride 
(Palmitic acid) (Palmitin) 


Oil: Oils are available in liquid form in the temperature at the 
source of origin. Chemically oils are indistinct from fat. Some of 
the oils found from the plant kingdom are edible such as mustard oil, 
ground nut oil, cocoanut oil, linseed oil (sesamum oil), cotton seed oil, 
soyabean oil, etc. Some are also obtained from animal kingdoms, they 
are halibut-liver oil, cod-liver oil, shark-liver oil which are the sources 
sof vitamins A and D. 

5:48. Vitamins : 

Introduction: The word vitamin (L. Vita, life + amine) is derived from the 
original word vitamine, coined by DR. CASIMIR 
FUNK in 1912. He isolated from the rice 
polishing, an amine which was responsible for 
curing the beriberi in the pigeons and other 
animals. As it was an amine which was vital 
‘for maintenance, growth and normal health, he 
‘used the word ‘vitamine’ (i.e. vital amine ) 
for such substances, Later on, it was found that 
not all vitamins are amines, thus the last later 


‘e’ was dropped from the original ‘vitamine’ to be 

"used universally as vitamin. ‘Fig. 583. Dr. Casimir Funk. 
(a) Definition of vitamins : The potent organic compounds 

which are found in foods in variable and minute quantity, and 

must be supplied to the animal organism from the external 

sources, so that specific physiological functions, vital to life, 

may go on normally are known as vitamins. 


b 
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(b) Provitamins : Those organic compounds from where 
the vitamins are synthesised by the animals are known as 
provitamins. 

Examples: -Carotene gives two molecules of vitamin A. Hence 
carotin is a provitamin. Similarly, T-dehydrocholesterol and polygenta- 
mate are the provitamins of vitamin D and vitamin A respectively. . 

(c) Antivitamins: Some substances which are perni in 
food but have antagonistic action to the vitamins are collec- 
tively known as antivitamins. These substances either destroy 
vitamins or make the vitamin ineffective. 

Examples:  Thiaminase (found in raw fishes) is the antivitamin s 
thiamine (B,), avidin (found in egg white, prevents the action of biotin 
is the antivitamin of biotin. 

(d) Classification of vitamins : According to the property of 
solubility, vitamins are mainly divided into two groups. 

(a) Fat soluble vitamins: Vitamins A, D, Eand K—these are 
soluble in fat solvent (liquid in which fats are dissolved) like ether, 
chloroform, benzene, carbon tetrachloride, etc. ; 

(6) Water soluble vitamins: Vitamin B-complex and vitamin 
C—hese vitamins are soluble in water, 


L Fat soluble vitamins : 

1. Vitamin A (Retinol) or Antixerophthalmic factor : 

Vitamin A is an unsaturated long chain alcohol Cg, Hg OH. It 
is vicid, colourless oil, soluble in fat solvent but insoluble in water. It 
is heat-stable. ; 

Sources: (i) Animal sources are cod-liver oil, halibut-liver oil, 


milk, butter, eggs, fishes, etc. and (ii) Vegetable sources are carrots, 
Spinach, mango, tomatoes, ripe papyas, etc. 


Cae or [> 
EGG YOLK f 


: LON, 
CARROT C 


"TOMATO 


Fig. 5'84, Few sources of Vitamin A. 


Functions: (i) It controls bone growth. (ii) It prevents 
infection. (iii) It is 2 component of thodopsin (visual pigment in 
tods of eye), essential for night vision. (iv) It maintains the health 


and activity of epithelial tissues and glands. (v) It maintains integrity 
of nervous tissue and epithelial tissue. 
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Deficiency symptoms : Night blindness (nyctalpia) poor dark 
adaptation, xerophthalmia, keratinisation of epithelial tissue e£ goose. 


Fig, 5°85. Nightblindness due to Fig. 5°86. Xeropthalmia due to 
Vitamin A deficiency. Vitamin A deficiency. 


skin, skeletal growth retardation, susceptibility of infection, nervous 
debility, etc. 
_ Daily requirement—5,000 LU.—in adult and 6,000—8,000 LU.— 
in children. 

2. Vitamin D (Calciferol) or Antirachitic factor : 

It is a oily sterol compound soluble in fat solvent, but insoluble in 
water, It is heat-stable. There are groups of vitamin D of which Da 
(ergocalciferol) and D (cholecaleiferol) are chief. 

Sources: Animal sources are the only sources of vitamin-D. 


It is found in liver, fish liver oil (cod and halibut), eggs; meat, milk, 
butter, etc. 


Fig. 5:87. Some common sources of Vitamin D. 

Functions: (i) Helps in the bone formation by direct action 

on bone cells. (ii) Helps absorption of calcium and phosphorus. 
from intestine and related to calcium and phosphorus metabolism. 
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Deficiency symptoms: Rickets in children, Osteomalacia in 
adult, Tetany in children, mal development of teeth and various bony 
deformities, retardation of bony (body) growth. 


Daily requirement: 400 LU. 


3. Vitamin E (Tocopherols) or Antisterilitic factor : 

It is yellow coloured oily substance, soluble in fat solvents but 
insoluble in water. It is heat-stable. 

Sources: (i) Animal sources are egg yolk, milk, butter, etc. 


(i) Vegetable sources are alfa-alfa, spinach, lettuce, wheat germ oil, 
and other corn oils. 


GERMINATING GRAM 


Fig. 5°88. Few common sources of Vitamin E. 

Functions: (i) It has strong antioxidant property which 
prevents unwanted oxidation in the body. (ii) It participate in 
cellular electron transport systems, (iii) It prevents sterility. (iv) Essen- 
tial for foetal development, (v) It is required for normal function of 
muscles. 

Deficiency symptoms : Muscular dystrophies, habitual abortions, 
atrophy of germinal epithelium of genital organs, etc. 

Daily requirment: 15—20 mgm, 


4. Vitamin K (Phylloquinone) or antihaemorrhagic factor : 


It is a yellow oily substance, soluble in fat solvents but insoluble in 
water. It is heat-stable. 


Sources: (i) Animal sources are poor, (ii) Vegitable sources 
are rich, such as alfa-alfa, spinach, tomatoes, etc. 


GREEN VEGETABLES 


Fig. 5°89. Some common sources of Vitamin K 


Functions : (i) It helps for the formation of prothrombin and 


—À 
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factor VII (the blood coagulating factors). (ii) It helps in phosphory- 
lation process. 

Deficiency. symptoms : Defective blood coagulation. 

Daily requirement: Unknown (5 mgm). 

ll, Water soluble vitamins : 

1. Vitamin B-complex : 

(a) Vitamin B, (Thiamine) or antineuritic factor : 

White crystalline substance, soluble in water and heat-sabile. 


Fig. 590. Few sources of Vitamin B. 

Sources: (i) Vegetable sources are pericarp and germ of 
cereals, yeast, nuts. beet, cauliflower, beans, etc. (ii) Animal sources ' 
are egg yolk, liver, etc. 

_ Functions : (i) It acts as a coenzyme in carbohydrate metabolism. 
(ii) It helps in the oxidation of sugar in thetissue and brain. (ui) It 
is some how concerned in the neuromuscular transmission of impulse. 


— Fig. 591. (A) Healthy Pigeon, Fig..592.., Beriberi due to., 
(B) Pigeon suffering from polyneurities deficiency of Vit. Bi. 
due to deficiency of vitamin By. 


5-126 A TEXT BOOK OF BIOLOGY 


Deficiency symptoms: Beriberi in which polyncuritis, gastro- 
intestinal symptoms, cardiac dilatation, etc. take place. 

(b) Vitamin By (Riboflavine) : 

Yellowish crystalline solid, soluble in water and heat-stable. 

Sources: (i) Vegetable sources, germinating seeds, leafy vege- 
tables, yeast, beans, peas, etc. (ii) Animal sources are milk, egg-white, 
fish, liver, etc. 

Functions : (i) It the tissue riboflavine converted into two co- 
enzyme (FAD—flavine adenine dinucleotide and FMN—flavine mono- 
nucleotide). These two co-enzymes in combination with protein are 
termed flavoprotein. (ii) Maintenance of epithelial and mucosal 
integrity. (iii) Essential for growth. 

"Deficiency symptoms: Loss of 
appetite, gastrointestinal symptoms, angular 
stomatitis (oral fissures at corners of 


the mouth), glossitis (lesion of the tongue), 


cheilosis (lesion of the lips), vascularization 


Fig. 5°93. Angular stomatitis of cornea, defect of eye (vision), etc. 


due to deficiency of Vit. Bg. Daily requirement: 1'8 mgm. 


(c) Vitamin B, (Pantothenic acid) or Chick antidermatitis 
factor : Xt is white, crystalline, solid, soluble in water. 


Sources: (i) Animal sources are liver, kidney, meat, fish, €88, 
milk, etc. (ii) Vegetable sources are yeast, wheat, pea, tomatoe, etc. 

Functions: (i) It is a prosthetic group in the co-enzyme A. 
(ii) It helps in the formation of haemoglobin. (iii) It helps in amino 
acid and fatty acid metabolism. 

Deficiency symptoms: Dermatitis, enteotitis, alopecia, adrenal 
insufficiency, degeneration of spinal cord. 

Daily requirement: 10 mgms. 

(d) Vitamin B, (Cholin) or lipotropic factor: This is a water 
soluble compound mainly found in butter, nervous tissues, eggs, etc. It 
has got a lipotropic function. Its deficiency symptoms are cirrhosis 
of liver, haemorrhagic necrosis in kidneys, anaemia, etc. 


(e) Vitamin Bg (Nicotinic acid) or pellagra-preventing factor 


>» 
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or P—P factor : Nicotinic acid also known as Niacin or Nicotinamide. 
]t is white, crystalline, solid, moderatly soluble in water and heat-stable. 


Sources: (i) Animal sources are liver, meat, fish, eggs and 
(i) vegetable sources are peas, beans, tomatoes, green vegetables, etc. 
Functions: (i) It 
acts as co-enzyme of NAD 
and NADP. (ii) It takes 
role in the metabolism. 
Gii) Essential for growth. 
(iv) It acts as a pellagra 
preventing factor. 
Deficiency sign: 
Pellagra is a disease 
characterized by der- 
matities on the exposed 
area, Fig. 5°94. Pellagra, the deficiency sign 


Daily requirement: 18 mgm. of Vitamin B. 


(f) Vitamin B, (Pyridoxine) or Rat amidermatitis factor; Xt 
is a white crystal, soluble in water and heat-stable. 

Sources: (i) Animal—liver, egg yolk, meat, yeast, kidney and 
Gi) Vegetable—peas, soyabeans, cereals, etc. 

Functions : (i) It helps in some unsaturated fatty acids and amino 
acids metabolism, (ii) It acts as co-enzyme for transaminases, decar- 
boxylases, deaminases, etc, (iii) Helps in the synthesis of fat from 
proteins and carbohydrates. 

Deficiency symptoms: Darmatities, affect body growth, 
anaemia, convulsion and hyperirritability in infants, etc. 

Daily requirements : 20 mgm. 


(g) Vitamin B4 (Cyanocobalamin) or Antipernicious anaemia 


pater : It is a reddish crystalline solid, soluble in water. It contains 
cobalt. 


Sources: (i) Animal sources include liver, kidney, egg, milk, 
meat, etc. but (ii) vegetables contain no Vit. Bjo. 

Functions : (i) It has a role in amino acid synthesis. (ii) It is 
an important factor for the formation of RBC. (iii) It can prevent 
and cure pernicious anaemia in man. (iv) It has a role in nucleoprotein 
metabolism. 
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Deficiency sign: Pernicious anaemia (defective formation of 
RBC), kidney defect (in rats), etc. 
Daily requirement: 1 mgms. 


(h) Folic acid (vit. M, vit. B): It is a yellowish, water- 
soluble compound found in liver, fish, kidney, ete. (animal) and leafy 
vegetables. í 


Functions: (i) It takes part in the formation and maturation ; 
of red cells. (ii) It acts as a co-enzyme. (iii) It helps in the synthesis 
of DNA in the nuclei of the cell. 


Deficiency ; In absence of folic acid anaemia follows. 

(i) Biotin (Vitamin H): It is a sulphur containing valeric acid 
derivative, soluble in water. Itisfound in meat, egg yolk, liver, yeast. 
tomatoes, etc. 


Functions: (i) It helps in carboxylation and deamination of 
certain amino acids. (ii) Maintain epithelial integrity in rats and dogs. 


Deficiency : Dermatitis, gastroenteritis in dogs and rats. 
Daily requirements : 300g. 


2. Vitamin C (Ascorbic acid) or Antiscorbutic factor: AS 
corbic acid is a derivative of the hexoes L-glucose. It is a colourless 


crystalline solid, soluble in water. It is destroyed in heat and also 
when exposed in air. 


GREENCHILU//7: : 


Fig. 5'95, Few important sources of Vitamin C. 


Sources : (i) Animal sources—negligible amount is present. 
(i) Vegetable sources are the main sources, it includes fresh citrous 
fruits (oranges, lemons, etc.) tomatoes, amlaki, cauliflower, cabbage, etc. 

Functions : (i) It regulates oxidation and reduction system and 
also acts as a hydrogen carrier inside the cells, (ii) It maintains the 
integrity of colloidal intercellular substances. (iii) Ithelps for the 
formation ofr ed blood cells. (iv) It helps in the development of 
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matrix and deposition of calcium and phosphate in the bones. (v) It 
plays important role in wound repair. (vi) It is in some way con- 
cerned with immunity against infections. (vii) It controls the meta- 
bolism of tyrosin and phenylalanine, the two amino acids. 

Deficiency symptoms : Scurvy—increased fragility of capillaries 
causing haemorrhages, bleeding gum, defective dentation. Anaemia, 
delayed blood clotting, increased susceptibility to infection, skin 
eruption, etc. 

Daily requirement : 75 mgm. 

5'49. Minerals: 

In addition to the complex organic substances present in carbo- 
hydrate, protein and fat, our body needs few other things for its 
growth and maintenance of its functional activity. These substances 
comprise vitamins, inorganic salts and water which are included in 
accessory food. Here we will discuss metabolism of some important 
mineral salts. Mineral Salts are very much essential for our life although 
they give no energy. The metabolism of important minerals are 
described as follow. x 

1. Sodium (Na): Itis the main base of the body. 

Sources : Common salt (NaCl), cereals, milk, fruits, meat, etc. 

Functions: (i) Itis one of the most important cations res- 
ponsible for maintaining the internal environment (ii) It maintains 
rhythmicity and contractility of heart. (ii) It maintains neuro- 
muscular conductivity. (iv) It maintains blood reaction. (v) It controls 
reaction of urine. (vi) It helps in the formation of HCI of gastric 
juice, etc. 

Deficiency symptoms : Reduction of fat deposition, loss of 
kidney function, retarded bone growth, atrophy of muscle and 
testis, etc. 

Daily requirement: 5—10 gms. 


2. Potassium (K): Along with -Na, it forms the main base 
of the body. 

Sources: Cereals, fruits, vegetables, etc. 

Functions: (i) It is the chief intracellular cation which main- 
tain the membrane potential of the cell. (ii) It maintains the rhyth- 
micity of the heart. (iii) It exerts important effects upon the functions 
of the nervous system. (iv) It stimulates ciliary movement. 

Bio (5th)—9 
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Deficiency symptoms: Slowing of heart rate, hypertrophy of 
kidneys, defect of bone growth, paralysis of muscle, etc. 
Daily requirement: 4 gm. 


3. Calcium (Ca): It is the principle component of human 
skeleton. 


Sources: Green vegetable, rice, wheat, potato, milk, eggs, 
meat, etc. 


Functions: (i) It helps in the formation of bone and teeth. 
(ii) It helps in blood clotting and curdling of milk, (iii) It maintains 
neuromuscular excitability and cardiac muscle contractility. (iv) It : 
prevents tetany. (v) It helps in ciliary movement, 


Deficiency symptoms: Tetany, rickets, etc. 
Daily requirement : In adult—0'8 gm; in pregnent women, 
Jactating mother, and growing children—1'5 gm. 


4. Phosphorus (P): Like calcium it is also the most important 
elements of the skeleton. 


Sources: Vegetables, cereals, milk, eggs, meat, etc. 


Functions: (i) It stimulates bone and teeth formation. (i) X 
helps to form phospholipids which is an essential constituents of cell. 
(iii) It forms ATP, creatin-PO,, the energy-rich organic compounds, in 
the body. (iv) It helps in the absorption of fat. 


Deficiency symptoms: Rickets, osteomalacia, etc. 
Daily requirement: In adult—l0 gm., in pregnent women, 
lactating mother and children—1'5 gm. 


5. Magnesium (Mg): Sources: Green vegetables, meat, 
bread, etc. 

Functions: (i) It helps bone and tooth formation. (i) It 
acts as activator to different enzymes. (iii) It maintains neuromus- 
cular activity. R : 

Deficiency symptoms : Mg-tetany—Hyperexcitability, convuls- 
ion and ultimately death. 


Daily requirement : 300—350 mgm. 
6. Iron (Fe): It is the most important metal for blood formation. 


Sources : Green leaves, peas, fruits, vegetables, meat, liver, eggs, 
etc. excepting milk. 
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Functions: (i) It forms heamoglobin. (ii) It helps in oxygen 
carriage in blood in the form of heamoglobin. (iii) Iron is an essential 
comstituent of myglobin, a chromoprotein of muscle. (iv) It forms 
chromatin of nucleus and Nissl granules of nerve cells.) | 

Deficiency : Anaemia. 

Daily requirement : 15—20 mgm. 


5°50. Water! 


Water is the most important food for living organisms. The 
human body contains water (60%), proteins (20%), lipids (10%), 
minerals (7%) and carbohydrate (3%). The total body water is 
' distributed throughout two main compartments i.e., intracellular 
(aproximately 45%) and extracellular (15%). The extracellular water 
includes 3 litres plasma and about 11 litres interstitial fluid and lymph. 


Sources of water? (1) From food and drink (exogenous water) 
and (2) From the end product of metabolism (endogenous water). 

Functions of water: (1) It is an essential constituent of 
living cell. (2) It acts as a important medium for osmosis, diffusion, 
filtration, etc, the various physical processes. (3) Body temperature 
is regulated by water. (4) Acts as lubricating action by which it 
prevents friction and drying. (5) Water helps in the process of 
absorption from intestine, reabsorption from kidney tubules, synthesis 
of digestive juices, transport of hormone, etc. 


Excretion of water : Water is lost from the body through kidney 
(as wine), lungs (expiration), skin (as sweat) and faeces. . 


551. Enzymes: 


(a) Definition! Enzymes are biological organic catalysts 
produced by cells but the presence of cell(s) is not essential for 
their activity. 

(b) Nature of enzymes: All enzymes are protein in nature. 
Many enzymes are simple proteins and do not require any addi- 
tional factor for their activity. Some enzymes are synthesized in an 
inactive form called zymogens (vide page 104) or proenzymes. 

Examples—Trypsinozen, chymo trypsinogen and pepsinogen. 

Sometimes enzymes require additional factors in addition to the 
protein molecule for their activity. The general term cofactor is used 
for such agents. They are divided into three groups which include : 
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prosthetic group, coenzyme and metal ion activator. Prosthetic group 
is the non-protein part of the enzyme molecule that remains closely 
attached to the enzyme protein. Coenzyme represents a heat-stable 
non-protein part of an enzyme that can be easily separated from the 
enzyme protein. Removal of the coenzyme leads to the loss of catalytic. 
power of the enzyme. The protein part of such an enzyme is called 
an apoenzyme and the apoenzyme together with its coenzyme is called 
the holoenzyme. NAD (nicotinamide adenine dinucleotide, synthesized 
from vitamin niacin) and TPP (thiamine pyrophosphate, synthesized 
from B,) are examples of such coenzymes. ,Metal ion activator—a 
large number of enzymes require metallic mono-or divalent cations, 
such as K*, Mn**, Mg**, Ca** and Zn** for their activity. 


(c) Mechanism of enzyme action; Enzymes are known to 
influence the rate of biochemical reactions in several ways. In a 
number of cases the enzyme first reacts with the substrate (a substance 
on which the enzyme acts and gets maximal change during the action): 
to form anew compound. In the next step, the intermediate compound. 
thus formed undergoes a second change in which the enzyme is liber- 
ated in its original form and the substrate in an altered form called 
the product. 

(d) Some properties of enzymes : 


(i) Enzymes work very rapidly and the An of action of an 
enzyme is expressed in terms of turnover number. 


(ii) Enzymes are not destroyed by the reactions they catalyze and. 


thus the enzymes can be reused, 
(iii) An enzyme can work in either direction. 
(iv) Enzymes are inactivated by excessive heat. 
(v) Enzymes are specific in the reactions they catalyze. 


(e) Naming of enzymes: Generally enzymes are named by 
adding the suffix “ase’ after the name of the substrate on which it acts ; 
for example, lactose is degraded by the enzyme lactase (similarly 
maltose by maltase, sucrose by sucrase, cellulose by cellulase, etc.). 
Some enzymes are named according to the nature of the chemical 
reactions they catalyze such as, dehydrogenases remove hydrogen from 
the substrate molecules, carboxylases add or remove carbon dioxide. etc. 

(f) Classification of enzymes: 
main groups as stated below. 


>» 


Enzymes are divided into. six. 
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1. Oxidoreductases : Enzymes belonging to this group catalyze 
oxidation-reduction reactions. 
Examples—dchydrogenases , oxidases, etc. 


Succinic dehydrogenase 
———_———- Furamic acid. 


Succinic acid 

2. Transferase: These enzymes catalyze group transfer re- 
actions. 

Examples—transaminases, kinases and transacetylases, etc. 

Hexokinase 

‘Glucose + TAP —— -+ Glucose 6-phosphate + ADP. 

3. Hydrolases: Enzymes belonging to this group bring about 
lysis of a variety of compounds by the addition of water molecules, 

Examples—amylases, lipases, phosphatases, peptidases, amidases, etc. 

Glucose 6-phosphatase 
Glucose 6-phosphate — ————— > glucose 4- H5PO,. 
(H30) 

À Lyases: These enzymes catalyze the removal of groups from 

Substrate without the addition of water molecule. 


. Fumerase 
Malic acid —————-— Fumaric acid -- H3O. 


5. Isomerases: Enzymes catalyze a wide variety of isomeriza- 

tion reactions. 
Triose phosphate 
Glyceraldehyde 3-phosphate ————— —* Dihydroxy-acetone 
isomerase phosphate. 

. Ligases: Enzymes catalyzing the linking together of two 
molecules coupled with the lysis of a pyrophosphate bond. Usually 
a triphosphate nucleotide such as ATP participates ‘in the reaction. 

Acetyl COA 


——-> Acetyl-COA 4- AMP 4- PP,. 
synthetase 


Acetate -+ HS-COA+ ATP 


At the beginning of discussion on animal nutrition (Page 5-93) it was 
mentioned that animal mutrition is divided into several steps such as 
Feeding, Digestion, Absorption, Assimilation and Egestion or Elimination. 


552. Feeding or ingestion : 


Definition: The process by which the livin organism 
capture and in take the food materials within the body is 
&nown as feeding. 
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Animals take plants or animals as food. In animal kingdom there 
are many types of feeding process. Examples— 

(a) Amoeba’ Amoeba has no special feeding mechanism, it feeds 
mainly on unicellular organisms smaller than itself (Fig. 5°97). It does 
this by producing outgrowth from its body called pseudopodia which 


Surround it and then completely enclose the food particle forming & 
vacuole. 


(6) Paramaecium : ^ Paramaecium has a peramanent feeding 
mechanism consisting of a funnel-shaped gullet into which food is 
drawn in by the combined action of cilia which covers the body and 
ether cilia which lines the gullet's inner surfzce. 


(o) Hydra! Hydra and all other coelenterates, carry out both 
intracellular and extracellular digestion. These animals are carni 
vorous and live on small crustaceans such as Daphina and Cyclops. 
When this prey comes in contact, at first, the prey is riddled and 
paralysed by poison-injecting threads from specialised cells called 
nematocysts. Other types of nematocysts send out threads which 
coil round the prey holding it temporarily. Some tentacles coil 
around the prey and thrust it whole into the animals mouth. 


(d) Insects! The mouth of an insect is sourrounded by $ 
number of different structures called mouth parts which are used in 
feeding (Fig. 5'95). The shape of these mouth parts varies from species 


Fig. 5°95, Mouth parts—(A) House fly, (B) Butterfly. 


io species and enables each type of insect a particular source of food 
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Houseflies,for example, feed on rotting animal and vegetable matter by a 


long proboscis or tongue. Butterfly Head 
has complex proboscis through ; n nd 
which it sucks nectar from flower. e 5 RUN å 


This structure remain tightly coiled 
like a watch spring when not in 
use. Mosquitoes are parasites, and 
its mouth parts consists of six long 
needle like stylets covered by styletsheld 
sheath formed by the labium. The $ 
mouth parts (fig. 5'96) enable then’ = a eee f 

: Á ILL Host tissue. 
to cut into a deeply prece the skin spy Lors 
and soft tissues of their host. ! 


The cockroaches, prawn, sea Fig. 5°96. Mouth parts of Mosquito. 
urchins, etc. have toothed mouth parts to catch and to cut foods. 


() Flatworms take their foods with the help of sucker. In earth- 
worm the muscular pharynx is pushed out to swallow foods. 

(f) In vertebrates various modifications of mouth-parís are 
commonly seen. The nature and source of food actually determine 


b «o Nucleus  Pseudopodium 
A 


Food vacuiole 


"- 


Fig. 597. Feeding processes of amoeba (above) and toad (below). 
the extent of such modifications. Toads or frogs are carnivorous, It 
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has long flexible tongue attached to the front of the mouth. During 


feeding the tongue is shot out and the insect is trapped by sticky 
saliva on its surface (Fig. 5:97). 


553. Digestion : 


Definition: The physico-chemical process by which 
complex food materials are converted into simple assimilable 
forms are known as digestion. 

Two types of digestions take place in the animal kingdom such as 
intracellular digestion and extracellular digestion. 


() Intcacellular digestion : Definition: The process of 
digestion inside the cell is called intracellular digestion. 


It is found in amoeba (Fig, 598), parameacium, etc. In ameoba the 


food, taken by the pseudopodia, remains within the food vacuole. The 
vacuole secrete several enzymes which digest food materials into soluble 


Food (Protozoa) 


Formation of 
Food vacuole 


Digestion | Ne 
9 


r 


Bii] 
SWAY 


Excretion of 
waste products 


Elimination à 
of extra Water Z9 
(Osmoregulation) £gestionof 
b^ indigestible 
Elimination matters 
Fig. 5°98, 


Diagram showing the process of intracellular digestion. 


form. It is abrsorbed directly into cytoplasm. In hydra, the food is’ 


partly digested in the gastrovascular cavity and the residual fragments 
are taken into the cell and digested th 


ere completely. 
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(ii) Extracellular digestion : Definition: The process of 
digestion outside the cell which take place ina particular 
organ is called extracellular digestion. | 

The process of digestion in hydra is partly intracellular and partly 


extracellular (as mentioned above). Extracellular digestion takes 


Intracellular 


A 
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AY particles into 
| cytoplasm. 
From Oytoplasm enzymes bydiffusion 
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A 
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8 
Enzymes hydrolysed the 
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Fig. 5:00, Diagram showing intracellular and extracelluiar digestion. 


place in almost all animals including human being. During extracellulat 
digestion, enzymes are secreted outside the cells mostly in a cavity, 
gastrovascular cavity or digestive tract, where the actual process occurs. 
Digestive tract is short or long, straight or coiled in different 
organisms (Fig. 5'100). The description of digestive tract of some 
animals are as follows— 

(a) The digestive tract of earthworm: It includes a mouth, 
mucous secreting muscular pharynx, oesophagus, à thin-walled crop 
for storage of food, thick muscular gizzard for grinding the food 
material and a long straight intestine that opens to the exterior through 
anus (Fig 5100C) It is the intestine where extracellular digestion 


‘takes place. 
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(b) The dige:tive tract of cockroach: It also includes a 
mouth, buccal cavity together with the openings of salivary glands, 
pharynx, oesophagus, crop, a small gizzard, mesenteron, hepatic caeca, 
amd a coiled intestine that ultimately opens to the exterior through 
anus (Fig. 5:100 B). 


Wastes 


Salivary gland 


Mouth 7 


Fig. 5°100, Diagrammatic view of the digestive systems of some common 
animals—(A) Hydra, (B) Cockroach, (C) Earthworm, (D) Lizard. 


() The mammalian (Human) digestive tract: It is a tube 
like structure, begins from mouth cavity and ends in the anus. The 
mouth cavity contains hard teeth, muscular tongue, salivary gland to 
secrete saliva, etc. It opens in the oesophagus through pharynx- 
Oesophagus opens in the dilated sac like structure in the abdomen 
called stomach. Glands in the wall of stomach secrete gastric juice. 
From the distal end of the stomach a very long (26 feet) coiled small 
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successively of the following 


intestine originates. It consists 
m. Small intestine opens into 


subdivisions, duodenum, jejunum and ileu 


Stomach 
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Fig. 5101. Diagrammatic view of human digestivo System. 


the large intestine which ultimately opens into the last part rectum and 


étal canal (Fig. 5'101). In addition to these structures the liver, 


pancreas, etc., the exocrine glands are also included in this system. 

Mechanism of digestion : In the mouth cavity the foods are 
grinded by the teeth and mixed with saliva secreted from three pairs of 
salivary glands. Saliva contains an enzyme called. ptyalin (salivaty 
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amylase) which converts starch into maltose. Saliva-mixed foods then 
enter into the stomach which secretes gastric juice. It contains HC! and 


protein digestive enzyme pepsin. In presence of HCI pepsin digests 
protein into peptone. HCI itself breaks sucrose into glucose and 
fructose. In the stomach the undigestéd carbohydrate, protein, fats 
and semi-digested foods are formed into soft partial digested food 
substances called as chynie. 


After 3-5 minutes the chyme passes into the duodenum of the small 
intestine. The partially digested foods now mix with the pancreatic 
juice, bile and intestinal juices (succus entericus) secreted from pan- 
creas, liver and intestinal glands respectively. 


Pancreatic juice contains protein-digestive enzyme trypsin and 
chymotrypsin, fat (lipid)-digestive enzyme lipase and starch-digestive 
enzyme amylase and maltase. Proteins are hydrolysed by trypsin into 

amino acids, lipids are hydrolysed by lipase into fatty acids and 
glycerol, starch and maltose is hydrolysed into glucose by amylase 
and maltase, Bile contains no enzyme but contain bile salts. They 
emulsify lipids and activate lipase enzyme and thus helps in the 
digestion of fat. The intestinal juice contains erepsin, the proteolytic 
enzyme and maltase, lactase, sucrase, amylase the different type of 
carbohydrate digestive enzymes and lipase, With.the help ofs these 
enzymes digestion of foods are completed. 


554. Absorption : 


Definition: The physico-chemical process by which the 
end products- of digestion passes through the intestinal 
epithelium and entere the blood stream is called absorption. 


After digestion carbohydrates, proteins and fats are generally 
converted to end products (the units), ie, glucose, amino acids and 
fatty acids and glycerol respectively. Small intestine is the chief place 
of absorption. The villi of the small intestine are absorbing units. 


buo 
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The glucose and amino acids are absorbed by the capillaries within 
the villi and are then passed into the portal system. But the fats-mainly 
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Fig. 5102. Absorption and route of transport of 
of the villi and are 


Pass through the lacteals (of the lymphatie system) 
then carried by the lymphatics (Fig. 5102). 
555. Assimilation : 
end products of 


. Définition: The process by which the j 
different focds are distributed throughout the body is called 


assimilation. 
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The end products are passed through the liver into the body celis 
where they are again converted into complex substances, viz., glucose 
converted into glycogen, amino acid into protein and fatty acid and 
glycerol into fat. The different types of enzymes present in the cells 
help in this conversion. 


556. Egestion: 


The undigested food materials in unicellular organisms are no! 
absorbed in the cytoplasm but are eliminated outside. In organism 
containing one aperture (e.g, hydra), the undigested wastes are 
excreted through the mouth. In higher organisms, undigested food 
materials are considerably changed due to bacterial actions and 
also due io water absorption into a substance called faeces that ls 
subsequently eliminated outside through anus. 


SUMMARY 


Plant nutrition © The process by means of which the living organisms maintais 
their life and converts the food materials into a part of cellular cytoplasm b 
termed as nutrition, By the help of simple and inorganic food elements, the 
plants prepare organic food matters in two phases like synthesis and assimila- 
tlon. This type of nutrition of the plant body is known as holophytic 
nutrition. Food is the source of energy, which helps in growth, nutritioa, 
yield of energy, and building up of new tissues of th» living body. 

The elements of food are carbohydrate, protein, fat or lipid, vitamins, 
mineral salts and water. The proximate principle of food are carbohydrate, 
protein and fat. These are energy-producing substances and help in the 
building of the body, The protec/!ve principles of food ara vitamins, mineral 


Salts and water, These substances help in different physiological processes 
and protect the body from different diseases. 


Plant nutrition are of two types—autotrophic and heterotrophic. Those 
plants which have the power to prepare carbohydrate type of food matters due 
to the presence of chlorophyll are called autophytes and their mode of nutri- 
tion is called autotrophic nutrition, Heterotrophic plants are those plants which 
have no power of synthesising food within their body as they lacks chlorophyll. 
The nutritional requirement of autotrophic plants includa several inorganic 
ions. Those essential elements which are required in large amounts are called 

macroelements (C, H, O, P, N, S, Ca, Mg, K, Fo, etc.) and those elements whick 
are required in minute quantities are called Microelements or trace elements. 
(Cu, B, Zn, Mo, Al, etc). The essentiality of a particular minera] element 
for normal growth and development of plants can b> determined by water culture 
experiment, 

Nutrition of heterotrophic plants ara parasitic nutrition (eg, Cuscuta— 
B. Swarnalata), saprophytic nutrition (eg, Agaricu:), symbiotic nutrition (eg. 
jn between Rhizubium and leguminous plants like pea), and nutrition of 
insectivorous plants (eg , Utricularia—Bladder wort, Nepenthes—pitcher. plant). 
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Some of the importance of nutrition are (i) The main function of 
nutrition is to promote growth, repairing of tissue and to gain energy for 
controlling diferent metabolic functions. (ii) Through nutrition the potential 
energy stored within the food is transformed “into usuable energy. By 
utilising that energy the different physiological functions of the living body 
like movement, locomotion, excretion, reproduction, etc. are controlled. 
(iii) To increase the resistant power againt disease in the body. 


Animal Nutrition : AS mentioned under plant nutrition that foods are of 
two types (i) proximate principles of foods, such as carbohydrate, proteins 
and fats. These foods are energy producting foods. The protective principle of 
foods such as vitamins, minerals and water. Carbohydrate is the organic hydro- 
carbon made up of carbon, hydrogen and oxygen. According to numbor of 
molecules (or units) of sugar prasent, the carbohydrates are classified as 
monosaccharides, disaccharides and polysaccharides. Protein is also an organic 
compound made up of carbon, hydrogen, oxygen and nitrogen, These elements 
form the protein unit called amino acid. The protein are of three types, i.e., 
simple protein, conjugated protein and derived protein. Fat is the ester of fatty 
acid and glycerol. Vitamines are the potent organic compounds which is present 
in the food in trace amount and is responsible for the functions vital to life. 
Vitamins are classified into two groups, such as water soluble (Vitamin B- 
complex and C) and fat soluble vitamins (Vitamin A, D, E and K). It maintains 
various functions of the body. Absence of vitamins cause various diseases. 

Ingestion is the process of feeding by which the living organism capture 
and intake the foods within it. Digestion is the physico-chemical process 
by which complex food materials are converted into simpler forms. Two types 
of digestions are observed in the living organisms, ie., intracellular digestion 
and extracellular digestion. Intracellular digestion takes place within the cell, 
whereas extracellular digostion takes place outside the cell, i.e, generally within 
alimentary system. Absorption is also 8 physico-chemical process in which 
the end (digestive) products pass through the intestinal villi into the blood. 
Assimilation is the process of distribution of food materials throughout the body. 
"The undigested portion of the food materials are egested out of the body. 


THINGS TO REMEMBER 


A. Plant nutrition : 

1. Foods and other nutrients ate required for performing the vital activities 
of living organisms because heat and energy is obtained from it. 

2. Autotrophic plants (autotrophs) are the green plants which ara able to 
synthesize the foods from the inorganic substances present within their body. 

3. Heterotrophic plants (heterotrophs ) are chlorophyllJess non-green plants 
which cannot manufacture food within their body. 

4. Autotrophic nutrition is the mode of nutrition in the autotrophic plants, 

5. Heterotrophic nutrition is the mode of nutrition in the heterotrophic plants. 

6. Parasitic nutrition is the mode of nutrition of the parasitic plants which 

nutrition from their host plant (e.g. Cuscuta). 
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7. Saprophytic nutrition is the mode of nutrition of the saprophytes, e.g; 
Agaricus. 


8. Essential elements are those which are indespensable for nutrition. 


9. Essential macroelements or major elements ara those elements which are- 
required in relatively greater amounts such as €, H, O, N, S, Ca, Mg, K, etc. 


10. Microelements or trace elements are those elements which are required 
only in minute quantities such as Cu, B, Zn, Mo, Fe, Co, Cl, etc. 


11. Water culture experiment is the experiment which determine the. 


essentiality of a particular mineral clement for normal growth and develop- 
ment of plant. 


12. Water culture experiments or hydroponics is the culture of plants. 
with their roots in solution of mineral salts without soil. 


13. When two organisms live in close association with each other for 


mutua] benefit ic, for food, is called symbiosis. e.g, Lichen (association of 
algae and fungi.) 


14. Symbiotic nutrition is tha mods of nutrition in the symbiotic plant. 


15. The main function of nutrition is to promote growth, repairing of 
tissue and to gain energy for controlling different matabolic functions, ete. 


B. Animal nutrition : 


16. Large Calorie (K cal-) is the amount of heat energy which can raise- 
the temperature of L Kg. of water from 15°C—16°C, 


17. BMR (Basic metabolic rate) is the amount of energy expended per unit 
of time under basal conditions. 


18. Carbohydrates are neutral polyhydroxy alcohols, containing active 
aldehyde or ketone groups. 


19. Protein is an organic compound generally made up of C, H, O and N 
and are essentia] constituents of all living cells. 


20. Lipids are important cellular constituents and includo a large- 
variety of organic compounds of fatty nature. 

21. Essential amimo acids are those amino acids (8 types) which are 
essential for the growth, repair of wear and tear, No balance, etc. in the body, 
but not synthesised in the body and thus taken from outside through foods. 

22. Vitamin is a group of organic compounds present in variable 


minute quantities in natural food stuffs, required for the normal growth and 
maintenance of the life of animals, 


23. Enzyme is an organic catalytic substance formed by living cells and 
having a specific action in promoting a chemical changa, 


24, Ingestion is the act of taking substances specially foods into the body- 
25. Digestion is the act of Converting food into assimilable form. 


26. Intracellular digestion is the act of digestion inside the cell (as im 
amoeba). 


27. Extra cellular digestion is the process of digestion: outside the cell! 
ie., within an organ i.e., the alimentary canal, 


INNER MEME E Ar 


GIRGULATION 
Syllabus : Principles of circulation in plants and animals ( details. not 
required ) ; structures concerned ( mention only ). 


5c1, Introduction ; 


For performing several functions like growth, respiration, excretion, etc, à 
free movement of oxygen, carbon dioxide, enzyme, vitamin, hormone and 
waste products, etc., throughout the living body is essential. It is also essential 
to liberate the toxic substances formed as a result of metabolic activities. For 
all these there is required of a suitable liquid medium. Movement of various 
substances dissolved in the liquid medium throughout the living body is called 
circulation. 


5c2, Definition : 


The process which involves movement of oxygen, hormones, 
enzymes, mineral substances and elimination of carbon dioxide 
and other toxic excretory substances is called circulation. 


Medium of Circulation: The meduim of circulation varies 
from organism to organism. In plants and lower animals water 
actsas the medium, whereas in man and other higher animals 
the circulatory medium are tissue fluid, lymph, blood, etc. 


(i) Water: It is the medium of circulation in plants. Simple 
substances, mineral salts circulate throughout the plant body in a 
dissolved state. In lower animals like hydra, starfish, etc, water 
is the medium for circulation. 


(ii) Blood: Blood is a liquid connective tissue of the animal 
body, It is present in almost all animals except some lower animals, 


(iii) Lymph; It is the modified tissue fluid formed from blood 
into the tissue spaces and the lymphatic vessels asus, ia the 
intercellular spaces carries lymph. Lymph acts aSa RE 
transport in the animal body. 

Bio (u)—1 
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5c3, Importance of Circalation : 
Circulation acts mainly as transport medium and helps the living 
body to perform several important functions as stated below : 


1, Transportation of nutrients: In plants the food materials 
which provide nutrition to the plant body are conducted by means l 
of the phloem tissue. 

In animals the digested food substances are absorbed from the 
digestive canal and carried by.blood or lymph to all living cells to 
provide nutrition to the body cell. 


2. Transportation of respiratory gases: The oxygen necessary 
for respiration is carried from lungs to cells by circulation and the . 
toxic carbon dioxide evolved is carried to the respiratory organ from 
where it is liberated out. 
I 3. Transportation of enzymes and hormones: The enzymes, 
hormones, etc. are essential for proper functioning of the living 


(body are liberated from the several sources and are carried by 
blood to the respective site of action. 


4. Transportation of waste products: The different toxic 
{metabolic waste products formed as a result of metabolism are 

liberated out from the body through circulation. 
5. Helps in storage The essential substances or other organic 


matters formed in excess within the living body are carried to 
the storage organs for future use. 


6. Maintenance of blood pressure : Blood circulation regulates 


blood pressure and thus maintains exchange of fluids and ions 
between blood and tissue. 


CIRCULATION IN PLANTS 
—————ÓÁÁÁ—S 


Introduction for plant circulation: In lower aquatic plants 
circulation occurs by the process of osmosis. In the algae, fungi, 
bryophyta etc. water circulation takes place by the process of 
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cell to cell osmosis and mineral circulation by the method of 
diffusion. In higher plants well organized conductive tissues 
called xylem and phloem are present, They help in conduction. 
Water bearing mineral salts is conducted to different parts of the 
plant body through xylem vessels whereas the food materials are 
conducted through phloem tissue (Fig. 5c. ). 
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Fig. 5cl:; Diagram showing conduction of water through 
xylem and nutrition through phloem. 


5c4 Conduction in Plant : 


Definition The movement of water from the root region after 
absorption to the topmost part of the plant body against the force 
of gravity is called conduction or translocation of water. 


The xylem is the path of water conduction, This complex tissue 
consists mainly of dead lignified tracheae or vessels and tracheids, 
which act as pipes for the conduction of water. 


Experiment ; The conduction of water through xylem can be 
shown by means of a simple experiment. If a Peperomia plant 
with thoroughly washed roots is immersed in a conical flask 
containing 2% solution of eosine (a reddish dye), after suitable 
time interval the veins and  veinlets of the leaves will be found 
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to become red. The transverse sections of root, stem and leaf 
ofeosine treated Peperomia plant under microscope will show 
that the xylem portion of vascular bundles only becomes red. This 
finding clearly indicates that red dye after being absorbed by 
root hairs has ascended through xylem to the cells of .stem, 
leaves, etc. ' 
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Fig. 5c.2. Circulation in plant. 


Plant conduction can be divided into two divisions, Conduction 
of water and inorganic salts and conduction of food substances. 


1. Conduction of water containing inorganic salt: Mineral 
water is absorbed from the soil through root hairs, Xylem 
tissue of the root, stem and leaf forms a continuous vessel through 
which the water contaminated with several mineral salts gets 
transported. 


| 
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This mineral containing water is transformed to plant body 
substances through different metabolic reactions and the excess 
of water is liberated in the atmosphere by transpiration process. That 


Intercellular spaces 


Fig. 5c'3. Ascent of sap through xylem vessel. 


is why the unicellular root hairs go on absorbing the soil water 
llary water is that 


(capillary water) by means of endosmosis. Capi 
water which is retained around and between the particles of the soil 


due to surface tension, 
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A number of theories have “been put forward to explain the 
mechanism offascent of sap (upward movement of water and 
mineral salts) in higher plants. 

Generally plants absorb water and minerals with the help of root 
hairs from the soil. This water along with minerals reach the cortex 
cells by the simultaneous process of cell to cell osmosis and diffusion. 
Now the cells nearer to the endodermis become turgid. Then 4 


Root hair 


sa Path of food movement 
> Paih of water movement 


Fig, 5c'4. Diagrammatic structure showing upward and downward 
translocation in plant. 


hydrostatic pressure is exerted by these turgid colls which helps the 
water to reach the xylem vessel via endodermal passage cells and 
pericycle, This hydrostatic pressure created in the cortical cells of 
the roots is called as the root pressure, Due to which a plant is 
able to force out liquid inwardly under pressure, This solution of 
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water containing minerals is called sap; Now the sap is transported 
to the leaves through xylem vessels. The liquid content of water 
and dissolved minerals is known as xylem sap. The process of 
upward transportation of xylem sap from the passage cells to the 
leaves is called ascent of sap. ; 


re5. Different theories about the ascent of sap? 


Theories are Root pressure theory, Vital theories and Physical theories, 

A, Root pressure theory : This theory was proposed by Staphen 
and Hales (1727), Plants absorb water contaminated with mineral salts 
from the soil through root hairs. Thereby .a pressure is created 
over this sap by the costical cells which help this sap to reach the 
xylem vessel. This pressure is called root pressure. This pressure 
helps the sap to reach the stem and later on to the apical 
regions of the plant. But it was found that this root pressure is not 
more than 2 atmosphere. Therefore root pressure can raise the 
sap only upto the height of about 20 metres. So pressure of this less 
value alone cannot raise the sap to a height of about 110 metre or 350 
feet which is the height of the longest tree Sequadendron gigantia of 
California. So this root pressure theory could not support the 
mechanism of the ascent of sap. 


B. Vital theories s According to this vital theories the mechanism 
of ascent of sap is dependent on the vital activites of the living 
plant cells, This theory can be further divided into two, Relay pump 
theory and Pulsatory movement theory. 

(i) Relay pump theory z Scientist Godlewski (1884) formulated 
this theory. According to this theory the ascent of sap is dependent 
on the vital activities of the living parenchyma cells surrounding 
=e xylem tissue. In these parenchyma cells there is alwaysa change 
in osmotic pressure, as a result of which these cells draw in water 
from the xylem vessel and also sends water to the xylem vessel. 
This results in the upward transportation of the sap. 

(ii) Pulsatory movement theory: The Bengali scientist Sir 
Jagadish Chandra Bose (1923) formulated this theory. According 10 
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him pulsatory movement occurs in the inner corticallayer of cells 
which is responsible for the ascent of sap. When the cells contract 
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Fig. 5c'5. Diagram showing water absorption by root hair, cell to cell 
osmosis and ascent of sap through xylem, 
the sap enters the upper cells whereby these cells swells up. Again 
these swelled cells contract and the upper cells swells up, By this 
way Sap ascends up. But.now-a-days this theory is not valid because 


experimentally it was found that ascent of sap takes placealso when 
the living cells are dead. 


C. Physical theories: According to physical theories DO 
living cell was responsible for the ascent of sap. Instead of. 
which different process helps in the ascent of sap. 


(a) Atmospheric pressure : Toricellis experiment proves that air 
exerts pressure of 76 cm. It is this pressure which causes the ascent 
of sap. But this pressure can raise water to a level of 9 metres only. 
Again the atmospheric pressure can only occur when there is a free 


surface but in case of plants there is no free surface present. So this 
theory also fails. 


(b) Capillary force : This theory was proposed by Boehm (1809). 
Xylem vessels and tracheids act as capillaries and creates certain 
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force which helps to rise the water upto certain height of the 
stem. As this force is unable to raise the sap in case of tall plants 
hence this theory in also discarded. 

(c) Transpiration s Cohesion-Tension theory b Proposed by 
scientists Dixon and Jolly ( 1894). According to their formulation, 
the water molecules form a continuous chain from the root 
to the leaf by cohesion pressure. While arranged like this they 
exert a side way pressure on the xylem vessel called adhesion 
pressure, This cohesion adhesion pressure keeps the water molecules 
in position. 

The cohesion force of water is about 300 atmospheric pressure. 
Due to continuous transpiration from the leaves causes the water 
molecules to rise up, This pull over the water molecule forming 
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Fig. 5c'6 A scheme representing circulation in plant showing 
up and downward movement of foods and water 
( Cohesion-tension theory ). 
piller due to transpiration is called transpiration pull. It is this trans- 
piration pull which is responsible for the ascent of sap. In this case 
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transpiration creates a pull from above and the continuity of water 
column is maintained by the cohesion of water molecules and 
adhesion of water molecules with the xylem vessel wall, 


The process of ascent of sap in an upward direction against the 
force of gravity can be compared to the sucking of lemonade water 
through a straw from the bottle where the pressure created by suck- 
ing raise the sweet water to the mouth. 


After an elaborate consideration of all these above theories regar- 
ding the ascent of sap, it is evident that a combined effect of all 
these theories can explain the process of translocation of water in 
plants. The root pressure, cohesion adhesion tension of the conti- 
nuous chain of water molecules and at last the transpiration pull 
helps in the ascent of sap from the root, through the stem, to the: 
apex of a lofty tree, Here root pressure gives pressure from below 
and transpiration pulls the water column. in an upward direction 
through the xylem vessels, where the continuity of the water colum? 
is maintained by cohesive and adhesive forces, 


II. Conduction of food substances; Plants synthesize cafe 
bohydrate, a type of food matters, inthe green partsand in the 
chlorophyll bearing regions, mainly in leaves. These foods by 
the process of diffusion are carried to the growing regions and 
some are stored in the fruit, stem, etc, for future use. So in plant 
body foods have to be transported both up and down. in plant 
body food matters are carried mainly through sieve tubes. The com> 
panion cells with prominent nucleus are also associated with the 
sieve tube for such conduction but only indirectly. The protoplas- 
mic connections passing through -the sieves take part in conduction 
of food materials. A portion of soluble food is utilized directly and 
the rest is stored up as soluble forms like protein, starch, etc. for 


future use. During active growth the stored food is hydrolyzed for 


transport through the phloem to the growing regions. 
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SUMMARY 
pude 


Allliving cells require the movement of essential nutrients and waste products: 
from one part of the body to another part. The digested food materials and 
other nutrients like vitamins, hormones, etc. pass through a definite circulatory 
system, Circulation is closely connected with respiration, nutrition, circulation 
of hormones, excretion, storage, etc. In plants the movement of water through 
the xylem occurs against the gravitational force, called conduction. The movements 
of water with dissolved minerals i.e, xylem sap from root region to the topmost 
part of the plant body afterwards reaches the leaf cells. This is better called 
as ascent ofsap. There are different theories put forward to explain the ascent 
ofsap like vital theories, root pressure theory, the cohesion-tension theory, etc.. 
The food which is manufactured in the leaves containing chlorophyll by means of 
photosynthesis is circulated through the phloem to the different growing regions. 
and for storage to the storage organs like root, leaves, stem, etc. 


THINGS TO REMEMBER 


1. The movements of xylem sap from the root region to the top most part of 
the plant body through the xylem ( tracheae, tracheids ) is called ascent of sap. 

2. Vitalistic theories, Root pressure theory, cohesion-tension theory, etc». 
are different theories put forward to explain the ascent of sap. 

3, The mechanism of water translocation cannot be explained from the above: 
theories individually. 

4. Ascent of sap in plants takes place due to the combined effect of root 
pressure and active transpiration pull. For that reason water column moves- 
through the xylem vessels which are in a state of cohesion tension, 

5. The food synthesized in the mesophyll tissue of the leaves are translocated 
through the living sieve tubes and sieve cells of phloem. i 


CIRCULATION IN ANIMALS 


Introduction for animal circulations All living organisms 
require a continuous supply of foods or nutrients and oxygen to 
maintain its life processes, as also the ready expulsion of wastes that 
evolve from metabolism. In unicellular and in simple multicellular 
forms of animals the circulation of living materials within the cell- 
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‘body or from cell to cell is sufficient for distribution of the essential 
‘substances to all parts of the organism. This primitive or simple 
typeoftransport system has largely been modified in gradually 
higher multicellular animals. Hence, a typical circulatory system is 
absent in unicellular forms of animals, The main types of transport 
‘systems in animals are discussed below :— 


5c6, Circulation in unicellular animals s 


No circulatory system is present in unicellular plants and 


‘animals, In these organism the nutrients are transported by simple 
processes. 


Moving in this direction 
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Contractile guia 
Plasmasol. Plasmagel 
/ucleus 
Food. 
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within the 
cell 


Amoeba Paramecium 


Fig. 5c'7. Circulation in unicellular animals by means of streaming 
movement of the cytoplasm. 


Primitive or Simple transport : As stated above,the unicellular 
animals like Amoeba, Paramaecium and others, the movements of 
materials—the incoming food and the outgoing waste products take 
place through the cell-surface which remains exposed to the medium 
‘they livein, Passive process like diffusion solves the transport 
problem of these unicellular animals, Further, cytoplasmic streaming 


movement facilitates the problem in many such animals. 
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In Amoeba, the food after being digested in the food vacuole, 
the nutrient is evenly distributed throughout the cell through 
cytoplasmic streaming movement. 

In certain protozoa, particularly those having a firm outer 
pellicle (like Paramaecium), rhythmic circular movement of the: 
cytoplasm helps in such distribution. 

5c7. Circulation in multicellular animals z 

In multicellular animals, conducting systems of various com- 
plexities are commonly seen. Lower multicellular organisms are 
provided with water vascular system in which water serves as the 
conducting medium. In higher multicellular organisms water alone 
cannot function as an efficient conducting medium and is thus- 
replaced by aspecial conducting fluid called blood, that flows through: 
a well-organized vascular system known as blood vascular system. 

L Water vascular system—Primitive vascular system of this. 
type is commonly seen in lower organisms and is of two types as 
described below. 


(i) Canal system: 
Animals belonging to 
phylum Porifera have 
a canal system through Paragastric 
which a continuous flow Asculum Cavity 
ofsurrounding water takes 
place. Water enters into 
the canal system through 
a number of openings 
on the body-wall called 
ostia (Fig. 5c*8, left) and 
leaves the canal system  Gastro- Vascular 
through the osculum. The Ostia cavity 
canal system present in Fig5c 8. Water vascular system in multi- 
starfish is more,complica- cellular invertebrates, Left-Sponge, Right-Hydra.. 
ted and elaborated by haemal and peri-haemal system. In these 
channels a continuous flow of water occurs. 


Ay 
WII EEH TA 


en 


5c'14 iA TEXT BOOK OF BIOLOGY 


(ii) Gastrovascular cavity : Animals belonging to phylum 
‘Coelenterata, as for example Hydra, have a central cavity that 
functions both as a digestive as well as a circulatory organ (Fig. 
5c'8. right) The movement of the body stirs the contents of the 

cavity and also helps in the circulation of the fluid. 

The flatworm Planeria resembles Hydra in having a central 
cavity for digestion but its body-wall unlike Hydra, contains a third 
layer of cells that are loosely packed in between the outer and the 
inner layers, The spaces between the cells in the middle layer are 
filled with a fluid resembling tissue-fluld of higher organisms. 
Digested food materials are first absorbed in the cells of the inner 
layer and then pass through the tissue fluids to other cells. Contrac- 
tion of the muscle cells in the body wall helps in the agitation of the 
tissue fluid as well as the fluid of the body cavity. 


m SS! rs Circulation in Star-fish ¢ This type of 
m SA > animal belong to phylum Echinodermata. 
LOS ‘> True circulatory system is lacking in this 
Pehihaemsl | animal. Butthere is a special type of 
circulatory system called haemal and 
perihaemal system. This system contains 
S coelomic fluid, which do mot contain 
r S either haemoglobin or haemocyanin. 
IO The circulation of coelemic fluid of the 
ig, sd pul AERE haemal system takes place due to the 
| circulation (Arrow shows CO Dtraction and relaxation of dorsal sac. 
direction of flow of Due to circulation the coelomocyte cells 
coelemic fluid ) ofthe coelomic fluid supply nutrition to 

-all parts of the body after getting it from the stomach. The papulae, 


finger like projections, present on the outer surface of the body 
‘take part in this gaseous exchange. 


II. Blood vascular system: With the increase in the complexity 
of cellular organization in higher animals, it became quite 


impossible for water vascular system to meet the oxygen and nutrient 


ELEMENTARY IDEA ABOUT LIFE PROOESFES 5c'15 


demand of all body cells and also to remove the waste materials 
from them. In these organisms, primitive water vascular system 
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Fig 5c'10. Open and closed blood vascular systems in some common 
multicelullar animals, A—Open blood vascular system in prawn, 
B—closed blood vascular system in earthworm and 
C—closed blood vascuiar system in cat. 


‘is replaced by the more developed blood vascular system that consists 
-of well organized vessels, called blood vessels through which a 
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special conducting fluid called blood is circulated. The flow of 
blood through the vascular system is well-maintained by the rhythmic 
contraction of some pulsating tubes or by a special muscular struc- 
ture called heart. 

In animals, there are mainly two types of blood circulations, 
such as open blood vascular system and closed blood vascular 
system. 

(a) Open blood vascular system: The system by which 
blood from heart passes through the blood vessels and then 
opens in the body cavity ( thus coming in direct contact with tissue 
cells ) and then this blood again returns to the heart through blood: 
vessels is known as open blood vascular system. 

In many animals, the blood vessels from the heart open into 
large spaces called haemocoel enabling the body cells to come im 


Muscle for pumping Haemocoe! {blood space) 


blood forward Dorsal vessel 


Fig 5c. 11, Open vascular system in cockroach, 


direct contact with the blood. From these spaces blood is collected: 
by some other vessels and are returned to the heart. Blood vascular 
system of this form is commonly seen in molluscs (snails, clams, etc.) 
and arthropods (cockroach, grasshopper, prawn, etc.) 

Unlike other higher multicellular, organisms, the chief function 
of the blood vascular system in cockroach (also in many other 
insects) is to supply nutrients to different body cells, to remove waste: 


c 
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materials and to maintain hydrostatic pressure within the body. For 
these reasons, the blood does not contain any respiratory pigment and 
appears colourless, Thus, the blood of insects is commonly called 
haemolymph, 

@Some Examples of open blocd vascular system : 

(i) In cockroach : There is a single dorsal vessel called. dorsal 
aorta that connects thirteen funnel-shaped chambers constituting 


the so-called heart. (Fig. 
5c11). The contraction 


Heartin pericardial sinus ^ Ostia 


and relaxation of the CU PRPPPPPPPIP: 
heart is effected by the V3 A r$ S aL 
; r2 


activity of allery muscles 


Dorsal Perivisceral 
that surround the heart diaphragm 
Haemolymph that passes Fig.5c'12. Diagrammatic structure showing 
into heart through the direction of blood flow (shown by arrows) 


Ostia is released into through open bloodvascular system of insect. 


spaces between the cuticle and the organs of the body cavity. 


(ii) In Prawn : The blood vascular system in prawn (Fig. 5c10A) 
is composed of a triangular heart covered by pericardium, blood 
vessels, lacunae or haemocoel and pericardial sinus. The respiratory 
pigment, (Aaemocyanin ; a copper containing protein ), remains 
dissolved in plasma and thus the blood in prawn is sightly blue 
in colour when oxydised. During circulation, blood from the 
pericardial sinus enters into the heart through five pairs of pores, 
called ostia. From the heart the blood passes through arteries 
into several lacunae known 85 haemocoel that comes in close 
contact with the body cells. Blood from the lacunae is transferred 
to the gills for oxygenation and the oxygenated blood subsequently 
enters into the pericardial sinus. 

(b) Closed blood vascular system : The system by which the 
circulating blood in some invertebrates (e.g. , earthworm) and verteb- 
rates from fish to man remains within the blood vessels and in most 
cases exchange of gases, nutrients and waste materials are mediated 

Bio (u)—2 
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through a special fluid (called tissue fluid) that bathes the body cells 
(Fig. 5c13B) is known as closed blood vascular system. 


Q Some Examples of closed blood vascular system s 


(i) In Earthworm: Earthworm (and similar organisms) have a 
closed vascular system consisting of colourless nucleated blood cells, 
red plasma (owing to dissolved haemoglobin in it), blood vessels 
and five pairs of pulsating tubes or heart (Fig. 5013). There are 
two main blood vessels—one on the ventral side carrying blood to 
lateral Loop vessels: the posterior part of the 
body and another on 
the dorsal side through 
which blood from the 
posterior part comes to 


the anterior part. These 
Ventral Vessel Syb-neuralvesse| Vessels are not differentia- 
Fig5c13. Diagram showing a part of closed ted into arteries, veins 

circulation in earthworm. and capillaries that are 
present in higher organisms. Blood from the dorsal blood vessels 
flows to the ventral blood vessel through the pulsating tubes. At 
each body segment small tubes connecting these vessels arise 
that supply the skin, intestine and other parts of the body 
(Fig, 5c'10B). 

(ii) Closed Circulation in a double heart s In invertebrates like 
Loligo ( a squid), there are two types of hearts—(a) branchial 
heart and (b) systemic heart for maintaining gaseous exchange in 
gills and the tissues. Blood from the body tissues is carried by the 
veins to the branchial heart for aeration in the gili filaments and 
subsequently collected in the corresponding auricle of each side. 
Afterwards, both the auricles drain the blood to the single ventricle 
of the systemic heart. The oxygenated blood is supplied all over 
the body by the systemic heart through blood vessels. 

The blood of invertebrates; The blood of invertebrates appears 
like the lymph of the vertebrates, The fluid plasma may contain of 


Ja 
oesophageal 
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may not contain free amoeboid cells, It may be coloured or may be 
colourless, When coloured, the colour, with very few exceptions 
is in the plasma. In cuttle fish, prawn, most insects, many 
snails and some other forms the respiratory pigment in the 
plasma is known as haemocyanin in which copper replaces iron of 
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Fig. 5c'l4, Diagrammatic view of longitudinal sections 


of hearts of some common vertebrates, 
x [In marine invertebrates there is little diferenee in salt concentration 
between the body fluid and the marine medium.] 
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haemoglobin, However, it may be noted that haemoglobin 
has a greater affinity to combine with oxygen than haemocyanip. 
Coloured cells containing haemoglobin and thus resembling red 
blood corpuscles are found in the water-vascular system of some 
Echinoderms and in the coleomic fluid of some annelids ; while 
in some molluscs the colour of the blood is red as the haemoglobin 
remains dissolved in the plasma. 

The free amoeboid cells of the plasma resemble the leucocytes of 
the vertebrates and most of them are phagocytic in character, while 
some of them engaged as helpers in transporting food stuffs. 

5c8 Circulation in vertebrates $ Circulation in vertebrates is as à 
rule, a closed type of circulation. The circulatory system of all 
vertebrates are fundamentally the same consisting of a heart, an 
aorta, several arteries, veins and oapillaries, all organized op 2 
similar basic plan. During evolution the principal change in the 
circulatory system took place in the heart (Fig. 5*c14). 

An analytical survey —(1) The fish heart contains two large 
` chambers (an atrium and a ventricle) and two smail chambers 
(sinus venosus and conus) arran- 
ged in a row. Deoxygenated 
blood from the veins first enter 
into the sinus venosus, thon 
passes successively through the 
atrium (also called auricle ) 
and ventricle and finally reach 
the conus. Blood from the 
E Ventricle ^ conus passes to the gills fot 
Aw Sinus venosus oxygenation and also for cif- 

r ; : à culation to the whole body: 
Fe S18 Diagana eoi such circulation is enr 
representation of heart-body circulation, considered as the single circuit 

—a single circuit. " circulation as because the blood 
; passing through the heart i2 
each beat can only pass ina single route, Inthis way theblood always 
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flows in one direction only due to contraction and relxation of the 
heart. From the circulation itis observed that the heart of fish 
always receives venous blood (deoxygenated blood). Thus fish-heart 
its called a venous heart. 

(i) The land vertebrates evolved from fishes ; in the heart. a 
partition appeared at the middle of the atrium dividing it into two 
halves—right and left atria, The sinus venosus changed its position 
$0 as to communicate only with the right atrium that receives deoX- 
ygenated blood through the veins. Veins from the lungs carry OXy- 
genated blood to the left atrium. Pulmonary artery for carriage 
of blood to the lungs and aorta and also for carriage of blood to the 
whole body arise from the conus, Circulatory systems having the 
above charaetcristics are found in frogs and toads. As there are only 
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Fig. 5c'16. Three-chatnbered heart of toad. 
three chambers in the heart there is considerable mixing of oxygen- 
ated and deoxygenated blood but presence of columnae carneae 
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inthe ventricle and’ spiral valve in the conus arteriosus favour, 
at least in part, the transfer of more oxygenated blood to the syste- 
mic circulation and 
deoxygenated blood into 
the pulmonary circula- 
tion. 


(iii) In the reptiles 
circulatory system closely 
resembles those found in 
amphibians, However, 
in reptils an. incomplete 
partition is found in the 
ventricle and hence, 
there is considerably less Fig. 50°17. Sectional view of the heart of toad. 
mixing of oxygenated and deoxygenated blood in the ventricle. 
Hence, the heart of this class ofanimals is known asamixed heart. In 
alligators and crocodiles this ventricular partition is almost complete 
and thus divides the ventricle into two halves and therefore, there is 


Pulmonary artery practically no. admixture 
EV of oxygenated and deoxy- 
Rightatriuin ; genated blood, Due to 


€ 
3 
E complete partitioning of 
d 
a 


the ventricle, the avian 
and mammalian hearts 
are composed of four cham- 
bers, The sinus venosus in 
them disappears and the 
conus is divided into two 


Right BH which constitute the bases 
, Ventricle pre N Ventricle of the aorta and the pul 


Fig. 5c'18, Sectional view ofa mammalian monary artery. 
heart,—a double circuit, (iv) Avian and mamma- 
lian circulatory system + 
This system can be divided into (a) pulmonary circulation Or 
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circuit (b) systemic circultion or circuit. The circulatory system of 
this kind is also termed the duble circuit circulation. 

These two types of circulations take place by the rhythmic 
contraction (systole) and relaxation (diastole) of the heart. Before 


describing the circulation, the structure of different organs of the 
circulatory system are described below : 


Fig 5ci9, Schematic representation of the circulatory system showing 
pulmonary and systemic circulation in mammal, 
5¢9 Pulmonary circulation 2 In this type of circulation the deoxy- 
genated blood from the larger veins(superior andinferior vena-cavae) 
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enters into the right atrium, passes into the right ventricle and then 
goes to the pulmonary vascular bed (lungs) through the pulmonary 
artery. In the pulmonary bed this blood becomes oxygenated and 
then enters into the left auricle, via the pulmonary veins. 


5¢'10- ‘Systemic circulation 2 The oxygenated blood from the left 
atrium passesthrough the left ventricle tothe aortaand issubsequently 
distributed throughout the whole body by the arterial system. The 
systemic arteries divide first into arterioles and then re-divide to 
form extremely fine blood vessels known as Capillaries, During 
gaseous exchange with the body cells at the capillary bed the blood 
becomes deoxygenated and it returns to the right atrium through 
the venous system (Fig. 5c'19), Generally the capillaries re-join to 
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Fig. 5c* 20, Anatomical structures of a Mammalian heart. 


form minute channels known as venules which join with similar 
vessels to form veins that ultimately open into the right atrium by 
large veins called vena cava. When a vein opens into an organ 
through capillaries and emerges out of the organ through the 
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anion of capillaries is known as a portal vein. Hepatic portal vein 
found in the liver of all vertebrates and renal portal vein of toad and 
fishes ate typical examples of such vessels, Circulation of this form 
is known as portal circulation. 

5c11 Structure of Heart : The heart of all animals is a muscular 
organ. In human it is situated in the central portion of the thoracic 
cavity behind the sternum and is slightly tilted to theleft so thatheart- 
beatis felt on the left side. The weight of theheart in adult human male 
and female is about 0°43 and o'476 of the body weight respectively. 
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Fig. 5c'21. Internal structure (Ls.) of human heart, 


3i The heart is surrounded by'a double-walled structure called pericar- 
dium. This consists of an outer fibrous and inner serous pericardial 
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membranes, The space between the pericardial membrane is filled 
with a fluid called the pericardial fluid which acts as cushion. This 
fluid (cushion) protects the heart against shocks, and also minimises: 
the friction on the outer surface of the beating heart (Fig. 5c24). 
The human heart (Fig. 5c21) in fact, all avian and mammalian 
hearts, are made up of four chambers. i.e., two upper chambers, left 
atrium and right atrium ( auricles) and two lower chambers, left] 
ventricle and right ventricle, Two atria are separated by intra-atrial 


Mitral valve 
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Fig.5c'22. A schematic representation of intrernal circulation 

with reference to probable external location of relevant paths. 
septum whereas the two ventricles are separated by intra-ventricular 
septum. (Fig. 5c'23) The atria and ventricles are completely separated 
from each other by a fibrous structure called as fibro-tendinous ring. 
Right atrium receives (reduced blood which contain more carbo®’ 
dioxide and less oxygen ; deoxygenated blood) from the body by 


2. —— 
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superior and inferior venacava. This chamber also gets reduced blood: 
from heart itself by coronary sinus. The left atrium gets oxygenated 
9 


blood from the lungs by four pulmonary veins ( 2 from each lung). 
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Fig,5c23. Course of circulation throagh a mammalian heart. 


From right ventricle pulmonary artery arises. It carries reduced 
(venous) blood from heart to lungs. From the left ventricle arises. 
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Fig, 5c,24. Different layeis ofa human heart. 
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aorta (a big artery) which carries oxygenated blood from heart to all 
parts of the body (Fig. 5023). 


Layers of Heart: The heart consists of three layers ; an outer 
epithelial lining called epicardium, middle layer myocardium and the 
inner endothelial lining known as endocardium. The thickness of 
the myocardium varies in different parts of the heart. The atrial 
myocardium isthinas they have to do small amount of work in 
pumping blood to ventricles. The ventricular myocardiumis thick as 

_the ventricles do most of the work of the heart for pumping 
the blood throughout the body by way of the blood vessels. The 
ventricular myocardium sends out projections in the ventricular 
cavity which are known as papillary muscles. 


Valves of heart: To circulate the blood strictly in one direc- 


"tion and to prevent any admixture between arterial and venous blood 
four sets of valves are present in the heart. 
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Fig, 5c'25. Different types of valves of human heart. 
Each atrium opens into the ventricle ofits own side through 
atrio-ventricular apertures. The right (side) aperture is guarded by the 
tricuspid valve (consisting of three membranous flaps) and the left by 
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mitral valve or bicuspid valve (consisting of two membranous flaps) 
(Fig, 5c:25). Part of each valve is attached to the fibro-tendinous 
ring, which surrounds the two atrio-ventricular apertures ( atrio* 
ventricular rings) The free margins are attached to the papillary 
muscles of the ventricles by strong cordae tendineae. The base of 
the sorta and pulmonary artery are guarded by aortic or semilunar 


valves ( consisting of three cusps of very thin fibrous tissue ih 

Heart is made up of involunt»ry striated muscle known as cardiac muscle. 
Some special type of tissues are present in the heart. They are known as 
junctional tissues of the heart. 1t is of mainly four types: (1) Sino-atrial nodes 


(S.A, node), present at the base of the superior vena cava in right atrium. 


Bachmann's bundle 


Sino-Atrial node 


Internodal fibres 


Fig. 5c'26. Junctional tissues of the heart, 
(2) Atrio-ventricular node (A. V. node ), present in the right atrium just 
above the atrio-ventricular Septum» (3) Bundle of His: This isa bundle of 
V. node, passes along the intraventricular septum, 
hat arise from the branches 


ns of these 


fibres originating from A. 
(4) Purkinje fibres : These are fibrous structures t 
of bundle of His and end within the ventricular muscle, The functio 


junctional tissues is to initiate and conduct cardiac impulse. S, A node 
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initiate 70-80 times cardiac impulse which regulate the rhythmicity of the heart- 
beats. Thus S, A, node is known as pace maker, 


5c12 Blood Vessels : The vascular system consists of a network of 
tubules orcanalsthrough which the blood circulate. Three types of blood 
‘vessels are present in the body, they are arteries, capillaries and veins 


Valveclosed ` Valve opened 


Fig. 5c'27. Sectioaal view of valves in veins, 


Fig. 528). Circulation beginsin the tissuethrough capillaries which 
make up the main part of the micro-circulatory bed where the 
micr-ocirculation of blood 
occurs. According to Soviet 
confit ti scientist V. V. Kupriyanov 
tissue Tunica micro circulation bedis com- 
MEL intima posed: of five components 
membrane —(i) arterioles (tho most 
distal units of the arterial 
muscle fibres| Tunica system), (ii) precapillaries 
eee : TT (üi) capilaries (iv) postca- 
4 sd e pillaries and (v) veinules (the 
i|| adventitia roots of the venous system ). 


Histology of the blood 


iy itil 


Tuniea ie 

vessel: It is made up of 
240 three layers, an . inner 
M (tunica intima), a middle 
Eres (tunica media) and an 

outer ( tunica externa). 
Fig, 50,28. Diagrammatic structure Tunica intima : consists 
(Histology) of blood vessels, of a layer of  flattened 


squamous endothelial cells 
and a layer of sub-endothelial connective tissue layer, Beneath 
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the sub-endothelial layer there is the internal elastic membrane, 
Endothelium forms the lining of the lumen. Tunica media 
consists of smooth muscle cells and a network of elastic fibres. 
"Tunica adventitia s composed chiefly of white fibrous. connective 
tissue and external elastic membrane. 


Tunica Elastica 


Fig. 5c°29, Histological structures (t. S.) of (A Artery, (B) Vein. 
Veins: Allthree basic layers are present here, but the tunica 
‘intima and tunica media are comparatively thinner than those 
of the arteries due to reduction of muscular and elastic components. 
Tunica adventitia is much developed. The lumen of the veins as a 
tule, are larger than the corresponding arteries and many veins 


‘contain endothelial flaps, called valves that open to the direction of 
blood flow. 


Table 5c1 


Distinguish between artery and vein ( Fig. 529 ) 
SENDEN AUD - Coppsecicsiovin ME t ent EM La 


Artery Vein 
Origin: 1. It arises from ] Itenters into the heart. 
the heart. 
Structure : 
2. Itis made up of three 2. Itis made up of three 
layers; the middle muscular | layers; the middle layer is 
„~ layer is thicker. thinner. SENIE 


5c:32. 


Artery 


3. Presence of 
elastica. 

4. Absence of valves. 

5. The lumen is narrow. 

Functions : 

6. Except pulmonary 
arteries, it carries oxygenated 
red-coloured blood. 

7. X supplies O,, nutri- 

etns, etc, from heart to tissue, 

8. When an artery is 
damaged or cut, there occurs 
blood-shed with greater force. 


tunica | 3. Absence of 
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— 


Vein 
tunica 
elastica. 

4. Presence of valves, 

5. The lumen is wider. 


6. Except pulmonary , 
veins it carries deoxygenated 


reddish-brown blood. 
7. It takes waste products 
from the tissue to the heart. 
8. When vein is damaged 
or cut, 
slowly. 


blood comes out 
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Fig. 5c'30. Arterial and venous system in human being. 
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5c13. Lymphatic system : 

The lymphatic system constitute a part of vascular system 
which may be considered as a supplementary bed of venous system 
and comprises of minute vessels (lymph capillaries), modified tissue 
fluid (lymph) and the lymph nodes. The lymphatic system consists 
of the following parts —(a) Lymphatic capillaries : These are fine 
delicate closed end vessels possesing valves (similar to vein) and 
form net-work in the tissue spaces. It is present throughout the 
body except epidermis, central nervous system, endomysium of 
muscle, bone and deepest part of the peripheral nervous system. 
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Fig. 5c'31, Lymphatic system. 


(b) Lymphatic vessels: The lymph capillaries join to form - 
larger vessels called lymphatic vessels. They pass to neighbouring or 
Bio (u)—3 
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sometimes distantly lymph nodes. The lymph vessel in the villi of 
the small intestine through which the fat absorption takes place is 
known as lacteals. 1 


(c) Lymph nodes: Theseare smallor oval or bean-shaped 
bodies situated singly or more frequently in groups on. the paths 
of lymphatic vessels. Each node at its one side a slight 
depression known as hilum through which blood vessels ( artery 
and vein ) and a single efferent lymph vessel enter. While from the 
periphery several afferent lymphatic vessels enter. Lymph nodes are 
most numerous in the mid-thoracic, posterior abdomen, pelvis, 

AFFERENT LYMPH] VESSEIS neck and upper ends of 
i the limbs. It consists of 
lymphocytes and free 
macrophages enclosed 
by the connective tissue 
sheath called capsule. 

(d) The thoracic duct 
and right ]ymphatic 
duct: Practically all 
the lymph from the 
43 body is collected into 

Je ilum two large ducts, thoracic 
EFPERENT & LYMPH VESSEL duct and right lym phatic 
Fig. 5'32. Internal structure of lymph nodes. duct. Thoracic duct is 
30-41 ds long. It isa common trunk ofalllymphatic vessels 
except right side of head, neck, thoracic wall, upper limb, lungs 
and heart. At the origin, there is a dilatation called cisterna chyli. 
Thoracic duct proceeds up in front of spinal cord and behind the 
oesophagus and aorticarch. Nearthe neck it turns to the left 
and empties into the base of left subclavian vein. Right lymphatic 
duct is 10-12 mm. long receives lymph from the right side of 
fore-limb, neck and chest. It drains into the right subclavian 
yein. 
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(d) Lymphs Lymph is the clear, watery modified tissue fluid 
found in lymphatic vessels and are formed from the substances of the 
tissue fluid, 

Composition of Lymph: It contain water 94% and solid 6% 
( Proteins, fats, carbohydrates, NPN and organic substances ). 


(e) Functions of lymphatic system s 

(1) Transport : Lymphatic system is an additional route for the 
transport of colloidal material from the tissue spaces, whereas the 
blood capillaries are concerned with the transport of crystalloid 
substances. 

(2) Nutrition: This system supplies nutrition and oxygen to 
those parts where blood cannot reach. 


(3) Absorption: Lacteal and lymphatics of small intestine helps 
to absorb fats. 


(4) Defensive: The lymphocyte and monocyte cells of WBC 
are formed from lymph node which acts as a defensive cells of the 
body. Lymph node produce y-globulin which acts as an antibody. 


5. Mechanical filters Lymph node acts as mechanical filters to 
Tesist the entrance of poisonous substances into circulation. 


SUMMARY 


Circulation in animals is mainly divided into .two parts, Circulation in the 
Unicellular animals occurs by simple transport system ( as in Amoeba )and in 
multicellular animals by complex transport system, Circulatory system of 
multicellular animals comprises of water vascular system (consists of canal 
System and gastro-vascular cavity ) and blood vascular system (consists of blood, 
blood vessels and heart ), The lateris of two types : open blood vascular system 
and closed blood vascular system. Cockroach, prawn, etc. bas open blood 
vascular system, Some invertebrates and vertebrates (from fish to man) has 
closed vascular system. Closed circulatory system again is divided into two 
types of circulation i.e., pulmonary (lesser) and systemic (greater) circulation. All 
type of circulations are composed of heart, arteries, capillaries, veins, etc. 
The heart of mammals including human heart is a muscular organ, ‘It pumps 
Out its contain blood to the circulation. The blood vessels (arteries and 
veins ) are fundamentally made up of three layers (tunica adventitia, tunica 
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media and tunica intima). Arteries generally carry oxygenated and veins carry 
deoxygenated blood. Lymphatic system is another type of circulatory system 
of the animal body, It consists of lymphatic capillaries, lymphatic vessels 
lymph node and lymph. 


THINGS TO REMEMBER 
ee MAren ii 


1. Unicellular animals have no definite circulatory system. 


2. Multicellular animals have various types of conducting (circulatory) 
system, 


À : £ 
3. Water vascular system is the water conducting system found in lowe! 
multicellular organism. 


4. Canal system is also a type of water vascular system in phylum 
porifera through which continuous flow of surrounding water takes place. 


‘5. Gastrovascular system ia phylum coelenterata (Hydra) has a cavity 
which acts as digestive and circulatory organs, 


6. Blood cardio vascular system is thesystem composed of blood, heart 
and blood vessels ( arteries, capillaries, veins.) 


7. Blood is a fluid connective tissue in which blood cells remain suspended. 
in the plasma, 


8. Heart is a hollow muscular organ whose functio 


n is to pump the blood 
through the vessels, j 


9. Venous heart is the heart of fish, It is so called because only venous 
blood deoxygenated blood flows through it. It is a single circuit heart. 


10. Frog's heart is three-chambered double circuit heart. 


11. Vessels is a receptacle for fluids, especially a tube or canal for conveying 
blood or lymph, 


12. Open blood vascular System is a type of circulation which is found 
in prawn, cockroach, snail, etc. 


13. Closed blood vascular system is anoiher type of circulation foun? 
in higher animsls like earthworm, vertebrate, etc, 


14. Blood pigments, haemocyanin and haemoglobin are two types of 
chief blood pigments. 
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15. Haemocyanin is a pale blue-coloured blood pigment which remains 
dissolved in the plasma of prawn's blood. 
16. Haemoglobin isa red blood pigment found in the plasma of earth- 
worms's blood and cells ( erythrocyte ) of vertebrate including man. 
17. No blood pigments are found in the insects like cockroach, butterfly, 
etc. 
18. Single circuit circulation is the way of circulation in which blood 
enters heart only once and completes only one cycle. 
19. Double circuit circulation is the way of circulation in which blood 


enters heart twice. 
(At first circuit blood flows from heart to lungs and then enters from 


lungs to heart (pulmonary circulation), In the second circuit blood from heart 
goes to the whole body and then blood from the whole: body agaln returns to 
heart (systemic circulation). 

20. Portal circulation is the passage of blood by a vein from one capi- 
ilary lead to a second independent set of capillaries as found in the liver and 
kidney, 

21. Junctional tissue of heart is a special type of tissues ( S. A. node, 
A. V. node, Bundle of His, and Purkenje’s fibre ) which can initiate and conduct 

' cardiac impulse. 

22. Lymphatic system is a system of vessels and nodes accessory to 
blood vascular system, conveying lymph. 

23. Lymphis a modified tissue fluid present in the lymph vessels. 

24. The unio has half closed and half open circulation. 


25. Pace maker is the special type of tissue where the stimulus for the 
heart originates. 


26. Sino-atrial node is the pace maker of man. 

27. Sinus Venosus is the pace maker of toad. 

28. Coronary circulation is the blood cirulation through musclar walls 
of the heart. 

29. Mitral valve or the bicuspid value is the valve consisting two 
Membranous flaps present at the left atrioventricular aperture. 


EXGRETION 


TT 


Syllabus: Principles of excretion in planls and animats—mention excretory 
products of plants and animals. 

50°14, Introduction 2 

As aresult of metabolism, certain non-essential toxic chemical substances, 
are formed within the body in addition to certain other essential substances. 
If these substances are allowed to accumulate, toxicity develops and 
the cell eventually dies, Metabolism of carbohydrates and lipids produces 
COsthat is either eliminated outside by diffusion through the cell mem- 
brane or dealt with by the respiratory system. Metabolism of proteins (amino 
acids) by most anima! tissues produce most of the nitrogenous toxic substances 
(i.e, urea, crea tin, creatinine, etc) thatare soluble in water. Plant cells produce 
much less amount of nitrogenous waste products. These non-essential toxic 
substances that are produced during cellular metabolism are collectively called 
Excretory materials. The process by which these excretory materials are 
eliminated regularly from the body is known as excretion, The organs Which 
are involved in the process are called excretory organs. 


5c15. Definition of excretion 2 


The process of elimination of non essential toxic substances 
produced during cellular metabolism continuously with the help of 
the excretory organs is called excretion, 


@Difference between excretion and egestion : Excretion is the 
process of elimination of metabolic waste products from the body; 
whereas egestion involves elimination of undigested food materials. 

5c16. Excretory products 2 

The metabolic end-products which are toxic to the organism 


ond which are excreted by the organism are known as excretory 
products. They are of two types— 


G) Non nitrogenous waste products: n plants the non-nitro- 
genous waste products are resin, tannin, latex, mineral crystals, 
organic acids, essential oils, gums, etc. In animals the non-nitro- 
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genous waste products are carbon dioxide, bilirubin, lactic acid, 
carbonic acid, etc. 


(ii) Nitrogenous waste products 2 In plants the nitrogenous waste 
products are alkaloids such as quinine, nicotin, morphine, 
atropine, reserpine, strychnine, daturin, caffein, thein, etc. In 
animals the most important nitrogeneous “waste products are urea, 
uric acid, ammonia, etc. 


$ 


EXCRETION IN PLANTS 


Introduction: 7n plants, there is fno special excretory organ 
for performing excretion. The metabolic waste products stored 
in roots, stems, leaves, flowers, friuts and seeds, Excretory materials 
are lessformed in plants due to low rate of metabolism in them 
than that of the animals, The several other reasons which cause 
lesser formation of excretory materials in plants are stated below. 


(a) Ammonia (NHg) produced as a result of plant meta- 
bolism is utilized in the formation of various nitrogenous com- 
pounds by plants. 


(b) Carbon di-oxide (CO,) and water (H,O) obtained due to 
respiration and O, due to photosynthesis are used during photosyD- 
thesis (ie. CO, and H,O) and respiration (Os) mechanism 
respectively. 


(c) In plants the metabolic process being dependant on 
carbohydrate, formation of nitrogenous materials are less. 


(d) In plant body the excretory materials which do not contain 


nitrogen are often stored within certain organs asthey are not 
toxic, 


(e) In plant body «the protein end nitrogenous Com- 
pound is broken down to ammonia which acts as an useful 
substance, 
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From all these above reasons we can find that plant excretory 
products are less harmful than animal excretory products. 


5c17, Mechanism of excretion in plants > 


Plant excretory products are liberated by various methods 
from the plant body or stored within some specific cells of the 
plant body permanently, 

Terrestrial plants take in water from the soil by the process 
of absorption, A part of this absorbed water and water as 
by product formed due to other metabolic activities is liberated 
into the atmosphere by transpiration process which may be 
stomatal, lenticular, cuticular, CO, ‘and O, formed due to 
respiration and photosynthesis are also liberated out through 
Stomata, lenticel and cuticle respectively. 

Plants get rid of their stored excretory productsthrough leaf shade, 
es. Silk- M Albizzia (B. Sirish), etc. and bark fall, (e.g., Psidium— 
| Guava ), etc. and also by 
means of falling of fruits, 
seeds, flowers, etc. ‘In 
aquatic plants the 
gaseous and liquid waste 
materials are liberated 
from the plant body by 
the process of diffusion. 


The other methods 
of excretion in plants are 
—(i) Secretion of latex 

| Fig, 533. Excretion in Plants, e.g., Banyan, Opuntia (B. 

ipis roa cad Phanimanasha), Hevea 

(para rubber), ete, (ii) Secretion of gums e.g., Acacia (B. Babla), 

rad (B. Sirish), etc. Thess are secreted from the bark of stems. 

(iii) Secretion of resin e.g., Pinus (Pine) etc. (iv) By means of 

transpiration excess water is given out in the form of vapour 
Transpiration helps to maintain the water balance in plants, 
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Nasturtium, many grasses, possess special structures over the 
leaves called hydathodes (vide Fig. 51) through which water 
in the form of liquid comes out. i 


5c'18, Different useful plant excretory products 2 
A brief account of the useful and economic excretory materials 
are stated below : 


1, Alkaloids; These are toxic complex nitrogenous-compounds. 

insoluble in water. There are various kinds of alkaloids—e.8., 
(a) Quinine in the barks of Cinchona ( medicine for malarial 
fever ) 


. (b) Nicotine in the leaves of tobacco (activates the nervous 
system, acts as narcotics ) 


(c) Caffeine in the seeds of coffee ( activates nervous system 
and releives pain ) . 


(d) Reserpine in the roots of Rauwolfia serpentina ( lowering of 
high blood pressure ) 


(e) Strychnine in the seeds of nux vomica (Strychnos) (gives 
strength to the body ) 
(f) Morphine in the epidermis of unripe fruits of Opium 
(poppy) (used as pain releaver and helps in sound 
sleep) : 
4g) Atropine in the leaves and roots of Atropa bellad ona 
(activates the sympathetic nervous system, 
dilates the pupil of eyes, to increase blood 
pressure ). 
Some ofthe alkaloids are deadly poisonous and many alkaloids 
are used in medicines. 


2. Tannins: Thisis a kind of bitter nitrogenous compound 
soluble in water, Tannin is stored in large amount in the 
cell sap or cell walls of tea leaves, heart wood of Acacia catechu, 
fruits of myrobalans etc. They occur either in the cell sap oF 
in the cell walls, Tannins are water soluble and bitter in taste. 
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These compounds are aseptic and their presence makes the wood 
hard as well as durable. Tannins are used in tanning leather, 
ink preparation etc, Catechu is also a kind of tannin, 


3. Latex: Some plant tissues bear colourless watery, milky 
white or yellowish coloured liquid called latex. Latex bearing 


Fig. 5c'34. Latex cells'and lz tex vessels, 


plant tissue are called laticiferous tissue, Latex is composed of 
Sugar, starch grain, protein, tannin, alkaloids, etc. Latex vessel 
is present in tobacco plant and laticiferous cells are present in 
Nerium (B. Karabi) and Calotropis (B. Akanda). In the latex of 
papaya, a protein splitting enzyme -called papain is present. The 
latex of thetree Brosimum galactodendron is used as a substitute 
of milk for the people of Venezuela, Latex of Indian rubber 
plant is the source of rubber. Latex of Hevea brasiliensis yield 
para rubber. 

4. Essential oils or Volatile oils: These are produced by oil 
glands of some plants, volatile in nature and are more or less soluble 
in water. These are abundant in the leaves of lemon, orange, 
sacred basil, ‘eucalyptus, as well as in the rind of fruits like lemon, 
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orange, etc. Essential oils possess - characteristic odour and 


Um 
eu op 
: 


6 E) 
D 


Fig. 535, Left—Resin duct ( pine ), Rigkt—Oil gland ( Lemon ). 
differ from common oils in chemical composition, Some commer- 
cially important essential oils are lemon grass oil, eucalyptus'oil, 


clove oil, lavender oil, sandal wood oil, etc. 
5. Resins: These are a kind of complex organic compound 
which turns hard on coming in contact with air. These are 


^f 
ON 


Fig, 5c'36, Some excretory waste products. 


yellowish in colour, insoinble in water but soluble in organic 
solvents like ether, alcohol, etc. Examples—Shellac, Lacquer, etc. 
These are used in polish and paints. Resin is used in making 
oil cloth, linolium, medicine, plastic, cosmetic products, etc. 
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Resins mixed with gum are called as Gum resins. Turpentine 
oil, canada balsam, etc, mixed with volatile oil also form a type 
of resin which are better known as Oleo-resins, 7 

6. Gums: Gum is a type of complex carbohydrate. The 
cell wall of plant cell contain cellulose which swell up and solubi- 
lized to form a viscous mass in presence of water. Gum hardenswhen 
it comes in contact with the air. Acacia senegal produces the gum 
` arabic of commerce. From gum better quality of ghee is formed. 

7. Organic acids: In the leaves or fruits of some plants 
Several organic acids like tartaric acid, malic acid, citric acid, etc. 
are stored as excretory products, They are produced as a by: 
product during respiration and are stored within the cell sap. 
They are generally soluble in water,and their higher concentra- 
tion in the sap turns the cell toxic, Their combination with 
calcium or other metals result in the formation of insoluble crystals. 
The source of citric acid. is lemon, tartaric acid is tamarind, 
malic acid is apple, and oxalic acid is Oxalis. 

These are used in the production of medicines and in other 
. industrial purposes, 


Mineral Crystals In the leaves of banyan, Indian rubber plant, 


Fig, 5038, Mineral Crystals, A & B. Calcium oxalate in dry scale of 
Onion, C—D. Acicular Raphides and star shaped sphaeraphides in 
faro, D. Silicon crystals in Equisetum. 


bis 
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etc, certain cells of upper epidermis become elongated. The inner 
cellulose wall of each of these cells extend inwards in the form ofa 
stalk. Calcium carbonate is 
deposited around this stalk as small 
crystals which has the shape of a 
bunch of grapes. The crystalline 
mass of calcium carbonate is 
called cystolith, Calcium 
oxalate occurs as crystals of 
various forms. Needle like crystals 
of calcium oxalate ate found to 
occur singly or in bundles, like 
grapes. 


. Fig. 5c°37. Cystolith 
(crystals of calc'um carbonate) 


Examples—Water lettuce (Pistia), water hyacinth, etc. These 
crystals are known as acicular raphides. Crystals of calcium oxalate: 
showing-star shaped appearance, as found in taro (Colocasia), water 
lettuce (Pistia), etc. Star shaped crystals of calcium oxalate are called’ 
sphaeraphides. In the dry scale leaves of onion, crystals of calcium 
oxalate are present in the form of prism, polyhedron, rod shaped, 
etc. These are called solitary crystal. Calcium carbonate crystals. 


are called cystolith and the cavity where cystolith is present is called 
lithocyst. 


Silica may be deposited within the cell wall of cell cavity in 
layer as crystals. In Atropa belladona silica are arranged in clusters, 
whereas in Equisetum silica are arranged in the cell wall. 

9. Glycosides 3 These are decomposition products of carbohy- 
drates and one type of carbonaceous excretory products. In many 
of their properties glycosides resemble alkaloids but structurally quite 
different from the alkaloids. Digitoxin is an example of glycoside. 
It is obtained from the plant Digitalis purpurea. Digitoxin, Digitalis 


` are the types of glycosides. Glycosides are used in the preparation of 


some medicines. 

The above mentioned excretory products are eliminated from the 
plant body through leaf fall, bark removal, etc. Minerals, ethylene, 
amino acids may also be eliminated as waste products through roots. 
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Terrestrial plants release excess of water in the form of yapour 
through stomata, cuticle, etc. This process is called transpiration, 
"which helps to maintain water balance in plants. 


Table No. 5c'2 
Differences between Excretion and Secretion 


Excretion 


1, Elimination of non essen- 
tial toxic substances produced 
due to metabolic functions is 
called excretion. 


-2 Excretory products gene- 
rally comes out of the body as 
they are non useful and toxic, 


3, Examples t 


Secretion 


1. Liberation of essential 
substances by different glands is 
called secretion. 


2. Secretory products pro 
duced by glands are utilized in 
different functions of the body. 


3. Examples: 


Animals— Hormones, Enzymes, etc. 


"Urea, uric acid, ammonia, etc. 

Plants—Latex, gum, resin, etc. 

(In case of plants excretory 
‘products are stored within the 
-cells of different plant organs as 
they have no excretory organs to 
liberate those non useful pro- 
ducts.) : 
—— Hem 

SUMMARY 

Non essential toxic substances that are produced during metabolic activites of 
the body are collectively known as excretory materiale, The process of tbe 
elimination of excretory products from the body is called excretion. The organs 
which are connected with that process are known as excretory organs. 1h 
higher animal definite exeretory system is present but is plants no such organs 
was found. The deposited excretery products of the plant body are expelled due 
to shedding of leaves, shedding of barks, shedding of fruits and flowers, secretion 
of latex,etc, The excretory products of the plants are—Alkaloids like quinine, 


atropine, etc. Latex, essential oils resins gums cosides, mineral crystals 
like cystolith, raphides, etc, pus Sos 
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THINGS TO REMEMBER 


1. Plant does not posses definite excrfory organs to eliminate excretory 
products. 


2. The excretory products produced during cellular meta-bolism are 
stored within the different plant parts like leaves, flowers, fruits, bark, etc.’ 

3. The elimination of stored excretory products take place by means of 
Shedding of leaves, fruits, flowers, bark, etc. 

4. The excetory products of plants are alkaloids, gums, resin, essential 
oils, organic acids, glycasides, mineral crystals. 

5. Plant alkaloids are Quinine, Nicotine, Caffeine, Reserpine, Strychnine, 
Morphine, Atropine, etc, 

6. Quinine is obtained from the bark of Cinchona, used for the remedy of 
‘malarial fever, 


7. Nicotine obtained from the leaves of Nicotine ( tobacco ), activates the 
‘nervous System ; which acts as narcotics, 


8. Reserpine obtained from the roots of Rauwolfia, used for lowering high 
{blood pressure, 


9. Caffeine obtained from the seeds of Coffea, activates the nervous system. 
10. Strychnine obtained from the seeds of Strychnos (Nax Vomica ) gives 
‘Strength to the body, 
Jl. Morphine obtained from the fruits of Opium used as pain reliever. 
12, Atropine obtained from the leaves and roots of Atropa (Beledona plant) 
-dilates the pupil and activates the sympathetic nervous system. 


13. Tannin the nitrogenous compound is obtained from the heart DS 
Acacia catechu, etc. 


-M. Commercial rubber is obtained from the latex of different rubber plants 
( Hevea, Ficus, Brosimum, eto. ) 
15. Resin is a kind of complex organic compound which turns hard on 


coming in contact with air, which in paints and varnishes and also in making oil 
cloth, Linolium, etc, 


15. Gum, a complex carbohydrate, is obtained from the plant Acacia 
Senegal, which produces gum arabic of commerce. ; 

16. Organic acids like tartaric acid, malic acid, citric acid, etc are stored within 
"the leaves and fruits of some plants like Tamarindes ( Tamarind ), Pyrus 
«C apple ), Citrus (lemon ), etc. 

1. Mineral crystals of plants are cystolith, raphides, silica, etc. 
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EXCRETION IN ANIMALS 
5'19 Indroduction ¢ 

Most animals are motile and hence they have to spend more 
energy. This requires a higher rate of metabolism than plants in 
addition to its normal life processes, In addition to excess of water, 
carbondioxide, ammonia, nitrogenous wastes such as urea, uric acid, 
etc. have to ba removed. In most metazoa special excretory organs 
are provided to serve the purpose. 


520 Excretion in simple animals : 
No special excretory organs are found. 
1, In Protozoa: In unicellular organisms like Amoeba, Euglena 


and Paramecium has no definite excretory organs. The chief nitro- 
genous waste product is ammonia that readily diffuses out of the cell 
Contractile vacuole before reaching a concen- 

tration which is harmful 

to the organism. The process 


"S of elimination is more. simple 

in organisms that live if 

- isms living. 

Nucleus A ites water, Organis Ww 
Contractile vacuole in fresh water have pro 


ursts in eliminating the excess body 


water to the hypotonic: 
environment. In these Orga" 
nisms a vesicle called contra- 
ctile vacuole develops that 


Nucleus 
8 collects fluid and excretory 
Fig. 5'45. Foimátionand materials from the surroun- 
rupture of contractile ding cytoplasm and when 
vacuole in Amoeba. the vacuole comes in contact 


with the surface membrane, it gets ruptured to release its contents 
in the surrounding medium (Fig, 5°45), 


2, In Sponges and Coelenterates : Sponges have no special excretory 
organs and most of them living in sea-water do not face any prob- 
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lem in eliminating excess body water. The removal of waste pro- 
ducts in Hydra, a fresh water living coelenterate, probably takes 


place due to passive diffusion of these substances. 


3, In Helminthes (the flatworms) : In slightly higher forms in 
which still no definite blood system has been formed or where it 
(excretory system). is just coming into evidence, the metabolic waste 
products are usually carried from the tissues and eliminate out of the 
body by a system of tissues or glandular canals. This drainage 
system is branched and penetrate the body thoroughly and each tip 
of the branching duct terminates internally in enlargements within 
which a tuft of long cilia is seen. When in action it suggests the 
flickering of a flame and hence the large cell that bear it. has 
been named as the flame cell. (Fig 5c:46 A). The beating of the cilia 
not only withdraws fluid ( excretory ) from the surrounding tissues, 
the vibrations of the cilia create a current which carries and 
eliminates to the outside the wastes excreted by the walls of the 
tube. : 

Further, there are evidences that the wall-cells of these tubules 
may recapture, in some forms, nutrient materials, as well 
as coutribute wastes. This type of system is known as protonephridial 
system. This type of incipient excretory organ is found in plaly- 
helminthes (flat worms) like liverflukes, planaria anda group worm- 
like animals of uncertain relationship known as nemerteans which 
are classed with flatworms. 

5c21. Excretion in higher Invertebrates ¢ 

Excretory organs Nephridia—In the metameric worms $ a 
well-developed coelome has developed a series of segmentally 
arranged paired nephridia which are present as excretory organs. 
However, in a few segments of the body they have been modified 
to form genital ducts. 

Bio (u)—4 
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Each nephridium is a convoluted tubule, one end of it commu- 
nicates with the coelome by means of a ciliated funnel, known as 
nephrosiome, while the other end opens externally through a pore 
in the body wall of the succeeding segment known as nephridiopore, 
Coelomic fluid is drawn in the tube by the cilia which forms 
internal lining of the tube and thus a current is established. Usually 
there is a special.glandular or secreting portion of the tubes, 
wall which “discharges excretory waste into the cavity and 
Subsequently eliminated to the outside. However, the nutrient 
materials that escape with coelomic fluid arc also reabsorbed in this 
part. 


4. In Earthworm 2 Excretory organs present in the earthworm are 
called nephridia (Fig. 5c'46 B). Except the first two, each body 
segment has a pair of nephridia which are of three types: 
(a) pharyngeal nephridia, (b) integumentary nephridia and (c) septal 
nephridia. 


Each nephridium is tubular in shape with a cilia-lined opening, 
called nephrostome (absent in integumentary nephridia) at one end. 
The other end has a small opening which either opens in the 
gastrovascular cavity (pharyngeal and septal nephridia) or directly 
to the exterior (integumentary nephridia). The main segment 
or the body of the nephridium contains a coil of capillaries. 
Waste materials from blood and coelomic ffuid are collected by 
the nephridia and are eliminated directly to the exterior by the 
nephridiopore or indirectly through the gastrovascular cavity. 
Nephridia are also found in Amphioxus (a chordate). 


5. In prawn  Antennary glands—The excretory organs of prawn 
(Crustacea) are called antennary glands or Green glands, A single pair 
of the gland lies at the base of the second antennae, Each gland 
has a coelomic sac, a glandular chamber and a muscular 
bladder. Excretory materials that are absorbed by the coelomic 
sac pass through the glandular chamber and are stored in the 


bladder. Urine (a fluid that contains the dissolved excretory 
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material) from the bladder is eliminated outside by pores that open 
at the base of the second antenna (Fig. 5c46C) 
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gland B  Posteriorly 
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Fig. 5c46. Excretory organs in different invertibrates; A. Flame cellin - 
Helminthes, B. Nephridia in Earthworm, C. Antennary gland in 
Prawn, D. Malpighian tubules in Cockroach and E, Coxal 

gland in Scorpion. 
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6. In Insects: Malpighian tubules—Insects possess excretory 
organs that are called Malpighian tubules (Fig. Sc'46D). The tubules 
collect waste materials from the haemocoel by diffusion and also 
by active transport mechanism and then discharge them in the diges- 
tivetract. The walls of the tubules are muscular and their activity 
helpin the movement of waste materials, Insects eliminate uric 
acidasthe chief nitrogenous waste material that comes out of 
the body as a dry paste due to extensive water retention in 
the body. 

7. Yn Unio (Mollusca): Kidney—Excretory wastes are removed 
into the kidneys from the blood and pericardial fluid. Kidneys 
are U-shaped tubular structures having a ciliated aperture, a glandu- 
lar area and finally a vesicle or bladder that discharges the accumu- 
lated excretory wastes through a ciliated opening into the supra- 
branchial chamber. 

8. In Scorpion, Spider, Limulus: Coxal gland —In the above 
animals (as also Archacannelids) a glandular excretory structure 
Serves the purpose of excretion, the product being uric acid. 
In Scorpion, on either side the coxa (hence the name coxal gland) 
of the third leg-base a large sacculus gland with a duct forming 
a labyrinth is found. The duct before opening exteriorly becomes 
swelled to form a bladder, known as ampulla. 

5c22, Excretion in vertebrates : 


In course of evolution the most efficient organ for elimination 
of nitrogenous waste products from blood has developed, which 
is known as kidney. 5 

Kidney ; The removal of nitrogenous waste producis in all 
vertebrates are carried out by structures called kidneys and the 
process is more or less similar in all of them, Each kidney is 
composed of units called nephrons. The number and arrangement 
ofthe nephrons vary in different vertebrates. Each nephron in 
higher vertebrates has the following parts viz. (a) Malpighian 


corpuscles consisting of afunnel-like structure knownas Bowman's 
capsule, 


ELEMENTARY IDEA ABOUT LIFE PROCESSES 5c:53 


(i) In some lower verteretes + Bowman's capsule isabsent and tho 
renal tubules open into the body-cavity. Such tubules are called 
pronephric tubules. In many marine vertebrates, the blood and body 
fluids are hypotonic in respect to the surrounding sea-water. Such 
animals prevent excessive loss of body-water partly by drinking sea 
water and partly by loosing glomeruli in the kidney. Such kidneys |. 
are called aglomerular kidneys. 


i) Location of kidney in vertebrates There are two elongated 
slender dark kidneys closely attached to the dorsalwall, on eitherside 
of the vertebral column in the abdominal region of the body. 


Marine Elasmobranchs convert ammonia into urea which is 
kept in such a level in the body fluid and blood that the fluids 
remain slightly hypertonic than the sea-water and thus have no 
problem to eliminate the excess quantity of waste material that tend 
to accumulate in the body beyond the limit. Further, the secretory 
cells of the gills help in eliminating excess of salts. 

Fresh water fishes generally do not drink water but a 
considerable amount of water diffuses into the body through the 
gills. These organisms possess pronephrlc kidney and thus are 
capable of eliminating a large volume of dilute urine to cope with 
the problem. In fish majority of nitrogencous waste is ammonia, 
which is removed largely by the gills. 

(iv) Marine turtles and sea gulls drink sea water and possess 
special organs called salt glands to eliminate excess salt that tends to 
accumulate in the body. 


Most vertebrates that eliminate copious dilute urine e.g. amphibia, 
contain large renal or Malpighian corpuscles. Reptiles conserve 
body water due to the presence of horny skin and smaller glomeruli 
in the kidney, Most animals can not change the composition of the 
urine after it leaves the kidney. However, toads and some reptiles 
can absorb water from the urinary bladder. 

The land vertebrates such as reptilies, birds and mammals deve- 
loped a kidney called metanephros. The internal structure of 
mammalian kidney is strikingly similar to man. 
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5c23, HUMAN EXCRETION 
ee 


The main structure of 
Lc. human excretion is kidney 
on which belong to urinary 
System, (the descriptons are 
given in second volume). 
y In addition to kidney all 
vertebrates including men 
possess some accessory 
eXeretory | organs such as 
skin, liver, lungs and 
alimentary cau al. 

Urinary System: The 
parts of the urinary 
system and their position 

Fig. 547. Diagrammatic representation of in thehuman body are shown 
Anatomical position of. urinary system, in Fig 5c47. Human kidneys 


are about 12 cm. iong by 7cm wide, and arebean-shaped. Athin tube 
the ureter, comes out of the concave side of each kidney and extends 


downwards to a single large 


Diaphragm MC artery 
Vena cava aorta 


a 


| -Sphincter 


uscle 


bag called the bladder. The Eftrent'arterioje Ore arteriole 
bladder has only one exit, esie N) G 

a tube called the urethra, Bormans Capsule 

which leads to the body Poisatcopvolla 


surface. The bladder end of 
the urethra is normally held 
closed by means of ring 
muscles, the sphincter, which 
control the release of urine 
(micturition) from the blad- 
der (Fig. 5¢°53), 

5c24, Kidney its Structure 


Fig. 5c48. A. Partly sectioned 
kidney showing internal components ; 
and Location : B. Different paris of a single nephron. 

The human being like other anim ; 
which are present at the dorsal side of the abdomen, on either 


als possess a pair of kidneys 
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side of the vertebrae of lumber region. Each kidney is bean- 
shaped with an indentation on the inner side called the hilum. 
Nerves, ureter and blood vessels enter the kidney at the hilum 
region. If a kidney is cut through the middle in two long- 
itudinalhalves, two regions are revealed to the naked eye—an 
outer cortex and an inner medulla each of which lodges different 
components of the kidney. Itisseen that the cortical tissue 
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Fig. 549. L.S. of Human kidney showing internal structures. 


penetrates the whole depth of the medulla, thereby dividing it 
into a number of conical ‘structures called Pyramids The broad 
base of each pyrmid remains in contact with the cortex and the 
Tound apex projects to the renal Pelvis, Pelvis is the upper 
expanded portion of the ureter. The apex of two or three 
pyramids combine and form papilla, Each kidney is provided 
with a million tubular excretory units called nephrons. 
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5c25, Nephron and its structure z 


Drfinition The structural and functsonal unit of kidney is 
called nephron. 


A single nephron is about 5cm. long and made up of two 
distinct parts: (i) Bowman’s capsule and (ii) renal tubules. 


Parietal Visceral Proximal or first 
layer layer convoluted tubule 
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Fig. 5c'50. Diagram ofa nephron showing its different parts and 
internal epithelial lining. 

Types of Nephron According to the position of Bowman's 
capsule with the cortex,the nephrons are of two types, (i) Superi cial 
cortical nephrons ( 85% )—In this type of nephron, the Bowman's 
capsule occupies the super ficial part (outer most part) of the cortex. 
(i) ^ Juxta-medullary nephron ( 15%)—The Bowman’s capsule of these 
nephrons remain in the cortex but just above the medulla. 
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Histological structures of nephron: Previously it was thought 
that each nephron is made up of Malpighian corpuscle and 


renal tubule. Malpighian " 

corpuscle is again _ subdi- jp-Artety 

vided into two parts—(i) in aye Sa 
Bowman’s capsule and E P 


(ii) Golomerulus. Now it Efferent ie aoe 
is proved that nephron does arteriole—\ Y 
not include the glomerulus 
though functionally at con- 
notes it. The formation of 
urine in each nephron 


beginsin the ^ Bowman's Vein 
capsule through the glome- 
rulus. 


1. Glomerulus: The 
renal artery gives rise to a 
number of afferent arterioles. Tubule — 
Each afferent arteriole after 


Collecting 
tubule 


entering into the Bowman’s 
capsule divides into about aai 
fifty capillary loops These Urine to ureter YAN 
loops form a tuft kaown as Fig. 5c51. Diagram showing peritubular 
glomerular tuft, Yt is situated capillaries surrounding the renal tubule. 

in a cup shaped structure of 

nephron termed Bowman's capsule. The capillaries loop 
afterwards reunite and form the efferent arteriole. This efferent 
arteriole again divides and redevides and form the second set of 
capillaries called peritubular capillaries (Fig. 5c51). These. 
capillaries wrap the entire length of the tubule. 

2. Bowman's capsule The Bownan’s capsule was discovered by 
Bowman in 1842. It is the dialated blind end of the nephron. 
It is a double walled (cellular layered) structure around ihe 
glomerulus. The inner cellular layer which lies in close approxi- 
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mation with the glomerulus is known as the visceral layer and the 
outer cellular layer is known as parietal layer. The two layers com- 
posed of single layer of flattened epithelial cells. The epithelial 
cells of the visceral layer is known 
as podocytes. Smaller processes arise 
from podocyte and are known as 
pedicels. The latter are in close 
contact with the endothelial cells of 
the glomerular capillaries. 

3. Renal tubnles: It is 3cm. 
long, coiled structure arising from 
Gomerulus the base of the Bowman’s capsule 
agin and extending upto the collecting 

Fig. 5552. Diegram of a tubules. Anatomically each renal 
Malpighian corpouscle showing tubule consists of mainly three 
glomerular capillary-tuft within distinct parts such as the proximal 

Howey s:capsule, convoluted tubules, the loop of Henle, 
the distal convojuted tubules and collecting tubules, 


Afferent ---Arterioles ---Efferent 


The proximal convoluted tubules begins from the Bowman’s 
capsular space. It is a highly convoluted (coiled) strucure and about 
14 mm. long. It is lined by a single layer of brush border cubical 
cells, The proximal convoluted tubules lead into a U-shaped 
segment of renal tubule called loop of Henle, The latter enters 
straight into the medulla of the kidney, makes a hairpin bend 
and comes back to the cortex again. The major portion of the 
loop is lined by the flat epithelial cells, The loop of Henle is 
continued into the distal convoluted tubule. The length of the distal 
tubule is about 5 mm. and is covered by columnar epithelial cells. 
It empties its contents into the collecting tubules, Several collecting 
tubules, from defferent nephrons join successively and form the 
duct of Bellini which opens at the apex of the renal pyramid. 
®Urine formation : The phenomenon of excretion in mammals 
isalmost synonymous with formation of urine, Urine formation 
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takes place by three processes such as ultrafiltration, secretion 
and formation of new substances by the renal tubules. 


(a) Ultrafiltration : It is a kind of filtration through a jelly filter 
or any ultrafilter which serves to separate parcticles of different sizes 
in a crystalloid and collcid mixture. First of all, plasma 
from the glomerular capillaries is filtered through capillaries 
endothelium and through Bowman’s capsular epithelium. in 24 
hours about 170 litres of filtrate is formed in the two kidneys. 
Out of 170 litres only 15 litre is eliminated from the body as urine. 


(b) Reabsorption: 170 litres of water and dissolved salts are 
filtered by the glomeruli of two kidnsys. Much of this fluid (about 
1685 litres of water) and almost all essential constituents present 
ie., glucose, Na, K, HCOs, PO,, etc. are reabsorbed by the tubules 

(c) Secretion and formation of new substances: The epithelial 
cells that line in the tubules transfer some substances like 
phenol red, penicillin, creatinine, H*, etc. from the blood into the 
tubules. The tubular cells can also form some substances like ammo- 
nia, hippuric acid and inorganic phosphate (P,) which are 
eliminated through urine. 


®Micturition : It is the act of empting of the urinary bladder. The 
urine formed in the nephrons of kidney is collected into a funnel- 
Shaped structure called the pelvis of kidney. From the pelvis urine 
passes through narrow muscular tubes called ureters which open in 
the sac-like structure called the urinary bladder. From the bladder 
a short and wide tube-like urinary passage arises which is known 
as urethra, It is guarded by internal sphincter and external sphincter. 
The bladder is made up of smooth muscle called detrussor muscle. 
The bladder and internal sphincter are supplied with autonomic 
(Sympathetic and parasympathetic) nerves whereas, the external 
sphincter is supplied with somatic nerves, 
The bladder expands as it gradually gets filled up with urine 
coming from each kidney, When about 400 ml. of urine is collected, 
the normal desire for micturition is felt. But by voluntary effort 
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the onset of micturition can be delayed till a maximum of about 
700—800m1 of urine accumulated in the bladder. Micturition 
is a reflex process. During filling, urine exerts high pressure in the 
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Fig. 5c53. Site of micturiting apoaratus ( organs ) in the human body. 


bladder which stimulates a stretch receptors present im the 
bladder-wall, It initiate nerve impulse which is conducted along the 
nerve fibre into the micturiting centres (spinal cord and hind brain). 
These centres in turn stimulate for the contraction of bladder and 
relaxation of  sphincters and thus helps in the release of 
wine from the bladder. 

5c,26. Accessory Excretory Organs : 

In addition to kidneys, most vertebrates possess additional 
structures which alsofunction as excretory organs. Through these 
organs various waste products are removed from the organism. These 
organs are as follows. 
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(a) Lungs: Through lungs respiration takes place. It pro- 
duces carbon-dioxide and water. CO, is harmful because it quickly 
combines with H,O and form H,CO, (Carbonic acid ) which can 
damage body cells if allowed to accumulate in large quantity. 
Conseqneutly CO, is an excretory product and is removed from the 
body by the lungs along with some amount of wat :r. 

(b) Liver; The most poisonous of all the waste products of 
metabolism is ammonia, Ammonia is formed during the 
breakdown of amino acids in the liver. Ammonia is very soluble 
and kills cells if its concentration in the blood rises above 1 part 
in 25000. The liver immediately converts ammonia into relatively 
harmless substance called urea. It is released into blood and then 
excteted through kidney. 


(c) Large intestine: Elimination of certain substances take 
place through large intestine by defecation and secretion. Defecation 
is the removal from the body of indigestible substances, through, 
the passage of faecal matter throughthe anus. Defecation differs 
. from excretion in that faecal matter is not produced by metabolism 
and is not therefore, a true excretory product. Secretion is the 
production by metabolism of useful substances such as enszyme 
and hormones. 

(d) Skin: Skin is the superficial covering of the animals. In 
vertebrates it contains mainly two types of glands i.e., sweat gland 
and sebaceous gland, The former gland secretes sweat, which 
isa watery fluid and the later gland secretes sebum, which is an oily 
material Through these secretions NaCl, urea, carbon-dioxide, 
uric acid, lactic acid, etc. are excreted out through the skin. 


®Osmoregulation 3 7t isthe control of movement of water in andout 
of cells by osmosis. Blood and tissue fluid must be kept at a constant 
osmotic pressure to avo'd unnecessary movements of water in and 
out of cells by osmosis ( Vide page no. 115). If for example, 
the osmotic potential of these liquids is too high, cells lose water by 
osmosis and the body becomes dehydrated. 
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In chapter two it was explained that the osmotic pressure of a 
solution depends upon strength, ie., the amount of dissolved subs- 
tances which it contains. Ia a sugar solution if more sugar is added, 
its osmotic potential increases, If more water-is added the osmotic 
potential decreases, It is by this method that kindeys control the 
osmotic potential of blood and tissue fluid. In small kidneys 
the amount of water and dissolved substances vary which are 


absorbed and returned back to the blood. 


SUMMARY 


Animals take amongst others protien as food. Metabolism of these foods 
produce nitrogenous waste products. Such/as urea, uric acid, ammonia, carbon- 
dioxide, etc. To remove these nitrogenous end ( waste ) products is the main aim 
forexcretion which takes place by the different organs inthe animals. Simple 
animals like protozoa, sponges,hydra, etc has no special excretory organs. Slightly 
higher animals like Helminthes possess some glandular canal like structure iD 
which flame cells are present. In earthworm the excretory organ is called nepbi 
idia, In prawn, insect, mollusca, scorpion, in certain invertebrate and vertebrate 
the cxcretory organs are known as antennary gland, Malpighian tubules, U- 
shaped kidney, coxal gand and kidney respectively, The vertebrate including 
human’s kidney (2in number ) is made up of numerous units called nephrons , 
where urine is formed, Each nephrone is made up of Bowman’s capsule and 
and renal tubles, Within Bowman's capsules glomerular capillaries are present as 
atuft of capillaries. Bowman’s capsule and glomerular capillaries combindly 
known as Malpighian corpouscle, Dy some physical processes viz, ultrafiltration, 
reabsorption and tubular secretion, the urine is formed in cifferent parts of the 
kidney, The urine containing mainly nitrogenous waste products is collected 


in the urinary bladder and then excreted out side of the body. This process i$ 
known as micturition, 
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THINGS TO REMEMBER 

1. &Excretory organ are those pertaining entirely to the excretion of waste 
products. 

2. Excretory products of animals are urea, uric acid, ammonia, carbon 
dioxide, etc. E 

3. Nephridid are the excretory organ of earthworm. 

4. Antennary glands or green glands are the excretory organs of 
‘Crustacea, 
5. Malpighian tubules is the excretory organs of insects. ( grasshopper, 
‘cockroch, etc ) 

6. Coxal gland is the glandular excretory organs of scorpion. spider, 
limulus, etc, 

7. Kidney is the most important excretory organ of urinary system of 
vertebrates, 

8. Accessory excretory organs, skins, lungs, liver, large intestine, etc 
are the accessory excretory organs of vertebrates, 

9. Nephron is the structural and functional unit of kidney. 

10. Pronephric tubule is the nephron in which Bowman's capsule is 
absent, : 


11, Aglomerular kidney are the kidney of many marine vetrebrate in which the 
glomeruli are absent, 


12. Bowman's capsule is cupshaped structure of nephron and about 
‘C'i mm. in diameter in man. It contains glomerulus and leads to renal tubule. 


13, .. Malpighian cor pousele is made up of Bowman’s capsule and glome- 
rular capillaries. 


. 14. Micturition or urination is the reflex process of evacuation of 
"urinary bladder 


15. Urine is an amber colour slightly acid reaction with a faint aromatic 
‘Odour and a saline taste fluid formed in the kidney. 


GROWTH 
C ———————————— M— 
Syllabus ; Definition, factors controlling growth in plants and animals 
( mention only ) ; differences between growth of plants and animals, 
5c27 Intrductin ; 
Growth is a characteristic of living organisms. This process is complex in 
"lture and regulated by protoplasm. Growth is manifested by a parmanent irr- 
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eversible increase in length or volume, A dry cork when soaked in water increase 
in volume due to absorption of water but it returns to the original state on dehy- 
dration. Hence, the temporary increase in volume of cork should not be referred 
toas growth. Moreover, the dry weight of the cork has never been changed. 
Here the cork is composed of dead cells and the increased in volume is not 
controlled by protoxylem. In fact, the most conspicuous sign of growth is an 
increase in dry weight accompanied by an increase in size and volume of the 
living organism. Growth is an outcome of some metabolic processes, some of 
which are anobolic and some of which are catabolic in nature. When anabolism 
exceeds over catabolism thea growth takes place giving rise to the increase in 
shape, size and dry weight ofthe organism. Once it occurs ina living 
body ean never .be reveresed. Growth is often confused with development, 
which is, however, a different process at least in plants. Development is thought 
to be an integrated complex of activities and passes phases like—increase in 
volume and differentiation of specific elements and structures. During that phase 
of growth, in which a series of organized changes by means of which multicellular 
living organisms are produced with different limits an appendages from the zygote 
is called development, - 


5c28. Definitions of Growth s 


(i) According to Thimann (1960) growth is defined as ^an 
irreversible increase in volume", / 


(ii) According to Miller ( 1954 ) growth is a permanent increase 
in weight attended by a permanent change in form, 

(iii) Growth may be defined as a permanent and irreversible 
increase in length or volume or mass accompanied by an increase of 
dry weight of a living organism, 

5c29. Site of growth : 

(a) In Plants: Growth of a multicellular plant is restricted to 
the meristems and continued throughout the life in plants. The 
growth initiated in the apical meristems of stem apex, root apex, 
etc, causes increase in length, called primary growth. While the 
lateral meristems (cambium and cork cambium) are responsible 
for increase in thickness, called secondary growth. Intercalary 
meristem also helps the plant body to grow in length. Plant growth 
take place throughout its life, When catabolism exceeds 

anabolism then death results, 
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(B) In animals: The growth of animals is not confined to a 
specific region but occurs in all parts of the body. In animals 
growth takes place only for a certain period and then it stops. 

In non-living materials ; Giowth in non-living materials take place by 
deposition of matter over the existing forms externally, whereas in living orga- 
nisms growth occurs inside the body leading to a permanent increase in dry weight 
shape and size of the body. 

5c30. Phases of growth s 

Growth in multicellular plants is accomplished in three 

distinct phases which occur in $ 
the following sequence. 

(1) Phase of cell division 3 
In this phase the meristematic 


Apical 
meristem 


cell divide mitotically to form 
innumerable daughter cells. 

(2) Phase of cell elongation 3 
Cells formed in the previous 
phase no longer divide but 
they elongate until maximum 
dimension is reached. 

(3) Phase of cell differemtia- 
tion: In this phase the maxi- 
mally elongated cells become | - 
differentiated into tissues to Fig, 5c¢'54. Growth in multicellular 
carry out diverse functions, plant, 


5c 31, Rate of growth 3 


Growth rate in living organism is not uniform throughout the 
life. During the phase of cell division rate of growth is found 
to be very slow and is called the lag phase, 

During the phase of cell elongation the growth rate becomes 
maximum and the phase is called log phase, In log phase growth 
is regulated by different enzymes and hormones, After log phase 
the rate of growth goes on decreasing and at last stops. This phase 


Bio (u)—5 
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of growth is called stationary phase, The total time required 
for active growth during which regular changes in the rate of 
growth takes place is called as the grand period of growth. When the 
growth rate is plotted against time ina graph paper a S-shaped 
curve results, This curve iscalled as the sigmoid curve, Light 
inhibits growth of plants, which grow quicker at night than during 
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Fig. 5c55. Sigmoid growth curve. 


tte day, This is known as the diurnal variation of growtb. 
When plants grow more rapidly during the spring than during 
the winter this is referred to as seasonal variation of growth. x 
the growth rate ofa plantis plotted in terms of dryweight against 
time, a sigmoid (S-shaped) growth curve results, Among the different 
parts of a plant the apex of stem, the growing apex of root, etc. 
exhibit the maximum rate of growth, This rate of growth is influ - 
enced by the distribution of meristems in the plant body. 


GROWTH IN PLANTS 


In plants growth take place throughout their life, According 


to site of growth the plant growth is of two types such as primary 
growth and secondary growth, 
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,8) Primary growth :-The growth of root and stem apex is termed 
as apical growth and this iscaused by repeated cell division 


Fig. 5c56. Diagram showing different stages in the primary 
growth of a germinating seed. 


of the apical meristematic tissue, The‘cells of meristematic tissue 
are. filled with dense cytoplasm and their cell wall is thin. Cells are 
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Fig. *c57. Enlargem nt of cell and formation of Jarge single vacuole. 


arranged without intercellular spaces. With the increase of shape 


:3c:68 Lee A TEXT BOOK OF BIOLOGY 


of the plant cell the vacuolar space also increases giving Tise to 
a large central vacuole (Fig. 5c'57). 

The increase in length of the root and stem occurs by the cell 
division of the apical and intercalary meristematic tissue but plants 
increase in surface area by means of cell division of lateral 
meristematic tissue i.e., Cambium. 


Growth rate in plantsis also not uniform. The total time 
required for growth of plants (trom the time of growth till it 
stops) is also called Grand period of growth. 

(b) Secondary growth ; In dicotyledonous plants some cells after - 
primary growth again obtain the capacity of division, e.g., cambium 
tissue. Thistype of growth is called secondary growth which 
results in the growth of width and surface area of the plant. Due to 
secondary growth bark and cork formation results, Vegetative 
growth occur in plants asa result of primary and secondary 
growth, After primary growth bud formation occur in plants 
which give rise to flowers and fruits. 

Nature of growth: (i) In plants, growth other than growth 
in reproductive structures, is called vegetative growth. The 


Fig. 5c58. The different stages of growth in the life cycle of Mango tree. 
single-celled zygote by mitotic cell division forms a multicellular 
embryo, which on germination produces seedling. The seedling 
.gradually attains maturity. 
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(i) In plants, formation of bud and their gradual development 
into fruit and flower is called reproductive growth  Asthe growth 
ofthe reproductive organs are limited, hence called determinate 
growth 


(iii) In the life ofa plant ifany structure gets damaged it can 
be repaired by repeated cell division in the respective area. This 
type of growth resulting is called regenerative growth. The capacity 
to replace damaged or lost parts is termed as regeneration. 

Rate of growth: The rate of growth of plant follows the 
S-curve or Sigmoid growth curve. 

5c32 Factors affecting growth : 

The factors which affect the growth of plants are stated below. 


(A) Iaternal factors s 


(i) Nutrition: Due to proper nutrition, different metabolic 
activities take place normally in plants and the rate of anabolic 
activities is fast. So, more protoplasmic material is formed. 

(i) Waters Water is a most efficient component of protoplasm. 
There isa need of water during growth and itis the water which 
causes the cells to attain turgid condition. Water is also necessary in 
performing various forms of metabolic activities. 

(ii) Enzyme: The presence of enzymes inthe performance 
of different metabolic activities during growth is necessary. 


(iv) Hormone; Auxin, Gibberellin, Cytokinin are some of the 
important kinds of plant hormones which are very essential 
in thelife ofa plant. They also induce growth formation. 


B. External factors ¢ 


1. Light: Plant growth in widely regulated by light which 
controls the concentration of IAA (Indole acetic acid). 

(a) Photophilic plant—This type of plants do not grow with- 
‘Out sunlight, eg. Sunflower. 
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(b) Photophobic: plant—Plants under this class are not 
dependant on direct sunlight: but grow normally under shade or in 
absence of direct sunlight, eg.— Moss, Fern, et.. 


(c) Photoneutral plant: Plants under this class aie not 
dependant on the strong sunlight but can grow normally under 
shade, as well as sunlight, eg.— Rose. 


Light can regulate plant growth in three consecutive ways* 
(a) Intensity of light, (b) Quality of light and (c) Duration of 
light. 


(2) Temperature: Temperature has a pronounced effect on 
plant growth. Growth generally occurs in the temperature range 
of O°C—45°C, but the optimum temperature lies between 25°C— 
35°C. 

(3) Carbon dioxide CO, helps in performance of the photosym- 
thetic mechanism in plants which directly influences plant growth. 

(4) Oxygen: Oxygen through generation of energy in the form 
of ATP during plant respiration influences its growth. 


(5) Wounding: The rate of growth takes place rapidly in the 


region of wounds in plants due to hormones ie, growth promoting 
substances. ^ — 


(6) Water supply: soil isthe source of water and mineral 
salts which a plant absorb and so soil indirectly affects the growth 
in plants. Elongation of cell is dependant upon the ability 
for the absorption of water. 


5c33. Measurement of growth : 


The linear growth of stem apex can be measured by an are indi- 
cator or auxanometer, lt consists ofa graduated steel or woode? 
quadrant, fitted with a pulley at the centre of the circle. with 
that pulley a long pointer is fixed, The free end of the point? 
moves upwards and downwards on the graduated arc. 
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In this apparatus, one end of a thread tied to the stem apex, is 
hung on a pulley and the other end of the thread is attached to a 
light weight to keep it tight. The pulley hasa long pointer 
sliding over a graduated arc. The increase in the length of stem 
tip causes the weight attached to the thread to pull it. As a result, 
the pulley tends to move and hence the pointer also moves upon 
the graduated arc (Fig 5c:59). 


Fig. 50559. Measurement of growth of stem by arc-indicator. 


The reading thus obtained (the difference in the position “of the 
pointer before the start of experiment and after the deflection) 
indicates the growth in a magnified scale. Actual growth in unit 
time can be calculated by knowing the magnification. 


The growth rate at different regions of root can.be measured by 
space marker wheel, In this process the radicle of a germinating 
seed is marked at equal intervals with water proof Indian ink. The 
germinating seed is then kept on wet cotton packed bulb ofa thistle 
funnel, the stem of which is dipped in a bottle containing water. 
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Unequal separation of the lines over the radicle after a day or two 


Fig 5c'60. A-Experiment to show growth in the radicle, B-Due to growth 
unequal separatian of the lines over the radicel C-Space-marxer wheel. 


indicates the differential growth (Fig. 5c'60). The distribution 
of growth in the stem can also be determined in a similar way. 


SUMMARY 


The permanent irreveresible increase in size and volume accompanied by an 
decrease in dry weight is called growth, 1n plants development is a different 
process Which is thought to be an integrated complex of activities possessing two 
phases, like increase in volume and differentiation of specific elements and 
structures, There are three phases of growth—phase of cell division, phase of cell 
elongation and phase of cell differentiation. Growth in plants is restricted to 
meristematic tissues, Growth is dependent upon different external (Light, tempera- 
ture, carbon dioxide, oxygen, woun ling, water supply) and internal (nutritioD, 
water, enzyme, hormone) factors. The linear growth of a plant can be measured bY 
means of an instrument called arc indicator. 
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THINGS TO REMEMBER 


1. Growth may be defined as a permanent and irreversible increase in length 
or volume or mass with an increase in dry weight of a living organism. 

2. Growth of a plant is restricted to the meristematic tissue i.e. at the apex of 
stem, roots, etc. 

3. Plant growth may be regular or irregular and takes place till death. 

4. Gr wthin plant starts at a very slow rate, gradually increases to attain 
maximum limit, then gradually slows down ard finally stops. The total time 
required during which regular changes in the rate of growth takes place is called 
as the grand period of growth. 

5. When the growh rate is plotted against time in a graph paper a ‘S’— 


shaped curve results, called sigm^id curve. 
6. The nature of plant growths are—Vegetative growth, reproducttive growth 


and regenerative growth. 

7. Secondary growth in the dicotyledonous plants takes place by the activity 
of cambium (lateral meristem). In those plants annual growth rings are formed 
due to seasonal periodicity. 

8. During secondary growth in plants bark and cork formation results. 


GROWTH IN ANIMALS 


Although the growth in animals differs from that of plants in 
some respects, yet basically the process is similar in both the cases. 
Among animals, growth in insects and other arthropods occurs 
stepwise and at the end of each step molting occurs. This is followed 
by a rapid growth phase be ore the new cuticle hardens. Some 
organisms like tapeworm show a growth pattern similar to that of 
plants. The tissues immediately behind the scolex act like the 
meristematic tissue of the plant. Usually three distinct phases can 
be recognized during the growth of animals ¢ 

5c34. Phases of growth : 

(a) Embryonic growth ¢ Jn unicellular organisms, growth means 
an increase in the size, But, in some lower multicellular organisms 
such as Hydra, growth occurs due to cell division, elongation and 
‘Maturation of cellular materials. 
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In most higher organisms, development of new individual 
begins with the multiplication of zygote that is formed by the 
union of gametes In these organisms zygote formation is 
followed by a rapid succession of mitotic division thereby forming: 
a hollow ball of celis called blastula, where. cells are arranged 
in a single layer called blastoderm. During subsequent develo- 
pment the blastoderm develops into two-layered gastrula: 
by a process known as gastrulation. The body of sponges and: 
'coelenterates grow from such two-layered gastrula. In many other 
organisms, gastrula is three-layered and all tissues and organs 
ofthe body develop from it. In higher animals, gastrula on. 
differentiation gives rise to an embryo. The embryo may develop 
outside the body, ie. in the medium where the parent organism: 
live (e.g, Hydra and fishes) or it may develop inside a hard shell as 
in birds and reptiles or within a specialized structure, called uterus. 
(e.g, mammals). An embryo that develops in the uterus is called 
a foetus. 

(b) Post embryonic development > After completion of embry- 
onic growth, the young organism develops in two ways 3 


qu ERN s ES 
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Fig. 5c'61. Indirect development of butterfly (A) Egg, (B) Larva, (caterpillar) 


(C) Pupa, and (D) Adult. 
(i) Indirect development; During development when young, 
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organism differs ( Fig. 5c'61, 62 ) considerably in appearance from. 
the adult is called as indirect development. 


Examples: Starfish, molluscs, jellyfish, etc, (aquatic inverte- 
brates), butterfly (Fig. 5c'61) , moth, house. fly, mosquito, etc.. 
( terrestrial invertebrates ) and toad or frog ( vertebrates ). 

The youngthat has no resemblance to the parents is called 


larva. Larva isfreeliving and serves as an intermediate stage. 
in development. 


Caterpillar is the larva of butterfly or moth, Glochidium is 
the larva of molluscs and tadpole is the larva of toad. Larvae are. 


subsequently converted to the adult forms by a complex process. 
called metamorphosis. 

( Metemorphosis is the structural change or transformation due to rapid growth. 
and development). 


QED © 
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Fig. 5c'62. Indirect development of Toad—(A) Eggs and sperms, 
(B) Zygote, (C and D) Larva ( tadpole), (E) Adult Toad, 
(ii) Direct development $ During development when young 


(small) organism resemble almost an adult, is called as direct 
development. 


Examples: (a) Reptiles and birds—after complete formation of 
embryo the youngs of these animals hatch out by the break- 
down of the shell (b) Mammals—after complete formation of 
foetus ( at the end of 280 days in human ), the contraction of uterus 
expels the newly born baby. 

Growth in young animal ; Growth, more specifically development 
does not cease with the birth but continues for variable periods that 
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depends on the animal species. Forexample, the teeth and thegenital 
organs of the human infant are only partly formed and the body 
prportion is quite different from the adult. Various parts of the. 
young attain maturity at different periods of life. The last organs 
to mature in human are the reproductive organs that begin to 
mature only after about 12 to 14 years: Growth in mature animals 
gradually declines and a time comes when the rate of cellular 
breakdown exceeds the rate of their production. Asa result, there 
is decreased functional capacity of the mature organism. Such 
changes are commonly called ageing. In the very early period of 
embryonic development, each cell had the potentiality to be 
converted to any form that are found in the adult. But during 
tissue and organ formation most cells in animais lose this property 
and becomea specific cell by a process called differentiation. Cells 
that differentiate aud stop dividing eariler appear to be more prone 
totheageing process. Post-embryonic development in most orga- 
nisms is predetermined but in some fishes and reptiles it may occur 
throughout their lives. 

5c35. Growth in human ; The growth of human body like other 
mammals consists of two steps, viz. (a) embryonic development 


ERE 
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Fig. 5c°63. Diagram showing developmental changes in 
Proportions of human body parts. 


that takes place in the uterus and (b) post-embryonic development 
that starts after parturition. Post-natal growth (the growth after 
(birth) is chiefly regulated by growth hormone (STH) and thyroxine. 
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At 12 or 13 years of age anotherspurt in growth occurs due to: 
release of sex steroids, ie. testosterone of testis or oestrogen and 
progesterone of ovaries, This phase of growth continues upto 
the age of 22-25 years, after which growth attains a steady state. 

Growth in Vertebrate embryo: The vertebrate embryo 
through gradual differentiation grows to develop special struc- 
tures of the adult. Still, striking similarities exists upto certain 
period amongst them. Fig. 5c 64 shows the developmental growth of 
four vertebrate embryos which depicts their similarities and rate: 
of relative growth (Fig. 5c64) 

Rate of growth: Growth is not uniform throughout the body 
in early embryonic forms ; Fish Foul Rabbit 7 
but after birth, as growth } F 
proceeds the individuals 
attains proportionate growth 
of all parts of the body. 

@ Regeneration ¢ It is 
a process by which living 
organisms generate their 
normal body structure 
following injury or loss of 
any part of the body. 
Although it includes 
multiplication of cells and 
their proliferation, how- 
ever, itis not considered 
asa process of reprodc- 
tion This form of deve- 
lopment is characteristic 
of lower organisms. ene 
Organisms such as spon- Similarities in vertebrate embryos 
Ses, Hydra, Flaneria, Fig. 5°64. Progressive stages of development 
earthworm, etc, regenerate Of embryos of Fish, Fowl, Rabbit and Man. 


their normal structures following destruction or removal of part 


Man 
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ofthe body. Ifthe body of Hydra is sectioned in several pieces, 
‘normal organism of smaller size develops from each of the 
‘segments (Fig. 5c'65) Regeneration in Planeria and earthworm 
resembles that seen in Hydra, Echinoderms (e.g., starfish) and crusta- 
«ceans (e.g., crab, lobster, etc ) have the abilit, to regenerate a lost arm 


Fig. 5c65. Regeneration in Hydra. 


-or leg, Among the vertebrates, salamander and newts sh. w remai- 
kable regenerating capacity. Some lizards can regenerate their 
dost organs (tail) too. Most vertebrates, however, can not regenerate 
their lost organ(s). Regeneration in these organisms is restricted to 
the formation of a new tissue, whereby a wound is healed. 

@Factors controlling growth: In animals growth depends 0n 
several internal and external factors, 
internal factors are as follows— 


Some ofthe external and 


(a) Heredity: One of the most important factor is heredity. 

‘It was proved that gene present in the chromosomes are the bearer 
of heredity. Gene contains the blue print for the growth, From father 
and mother the genes ofthe chromosomes are transmitted to the 

children through sperm and ovum. 

(b) Diet Almost all types of foods ( carbohydrates, proteins 
‘fats, minerals, vitamins and water) are necessary for normal and 
healthy growth of the body. Protein is the most important food 
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for this purpose, because almost al! parts of the cell is made 
up of protein. 

(c) Hormones: STH, the anterior pituitary hormone is also 
Known as growth hormone. Because it helps in body growth 
( skeletal and muscular growth). Thyroxine is the thyroid hormone 
cand the sex steroids secreted from testis ( testosterone ) and ovary 
(oestrogen and progesterone) also act as stimulating hormone 
for body growth. 


Table No 5c3 


Differences between animal growth and plant growth. 


Animal Growth Plant Growth 


1. Plant growth is restricted | i. Animal growth is not 
to the meristems ie, at the | confined to a specific region. 
apex of stem, roots, etc. 

2 Plant growth takes 
place throughout their whole 


2. Animal growth is 
restricted. Their growth stops 


Aife i.e., till death. ! long before their senescence 
and death. 

3. Plant growth is assyme- 3. Animal growth is 
trical. symmetrical. 

4. Plant growth is not 4. „Animal growth is 
ascertained. ascertained, 

5. Plant growth remain 5. Animal growth never 
in dormant condition forsome- | remains in dormant condition 
time in the embryonic condi- | in any stage. 
tion. 

6. Essential factors. for 6. Lightand CO, is not 


plant growth are—light and essential for animal growth. 
CO,. 
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SUMMARY 


Growth in animals is neither indefinite, nor it occurs in one direction. Growth: 
in animals takes place reasonably after morphogenesis of the embryo till a certain 
period of life, Aíter this growth inthe true sense ceases. Usually growth is- 
faster in trunk and long limbs than the head region, particularly in vertebrates. 

In invertebrates, particularly in insects and other Arthropods growth occurs im 
rapid rate till new cuticle is fully formed. 


In Animals three distinct phases are recognized: Embryonic growth, 
which extend from zygote to the formation of embryo. The embryo may 
develop inside or outside the body Post-embryonic development which extends. 
after hatching or birth of the embryo to do the adult form. When the embryo- 
resembles the adult, it is known as direct development (bird, human) in contrast 
to the phencmenon when the embryo bears no resemblance to the adult (e.8.;- 
tadpole ) is called indirect growih which take place after hatching but,- 
subsequently through metamamorphosis attains the adult form. 

Growth continues for a variable period of time in different animals ; various» 
parts of the young attain maturity at different periods of life, For instance, the; 
lost organs to mature in human aie the reproductive organs. 


Post-embryomic development is in most animals predetermind, but in some 
fishes and rptiles it may occur throughout life, 


Regeneration is a process in which the lost part is re-formed cr regenerated. 
through cell-division. 


In Planerea and Earthworm when the body is cut in several pieces, each may’ 
develop in to a total animal. 


Among vertebrates remarkable regenerating capacity is seen in Salamander and: 
Newts. The tail of a Lizard when lost is regenerated, 


Factors like nutrients, oxygen. suitable environmental temperature and sunlight 
are responsible for normal growth. On the other hand, genetic expression i 
chromosomes and action of different hormones play 'mportan: role in growth. 
Growth in human consists of mainly embryonic development inside uterus 


and post embryonic development after parturition, Post natal growth is chief? 
regulated hy growth hormone and thyroxine. 
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THINGS TO REMEMBER 


1. Inanimals growth is restricted upto a certain period of life, 

2. Allparts of the body may grow at tbe same rate, 

3. Insome aquatic invertebrates (starfish, etc) and in some vertebrates 
(toad etc.) and in some insects the fertilized ovum develops into a Larva. 

4. The Larva through a ccmplicated process of metamorphosis growth ade- 
quately to attain the adult form. This is known as jndirect development, 

5, In after complition of embryonic growth and young organism resembling 
almostly adult grows to attain the advlt form, ‘This is known as direct develop» 

ment. 

6.: Growth (more specifcally develcpment) continues for variable period in 
different species. 

7. Tn vertebrates bones are capable to grow upto certain period of life so long 
the life ofthe long bones are cartilagenous. This regions later are replaced by 
bony elements when elongation ceases. 

8. In fishes and reptilies, however, skeletal growth may continue indefinitely. 


9. Post embryogenic development in most animals is predetermined in the 
gastrula stage of the embryonic development. 

10. In.many invertebrates and some  vertebrates the lost part of the body is 
re-formed or re-generated by cell-division. 

11. This form of development as seen in Sponges, Hydra, Earthworm, etc. is 
remarkable. 1f the body of hydra is sectioned in pieces, each develops into a 
smaller sized normal animal. 

12. Several external factors like oxygen, temperature and light are responsible 
for normal growth. 

13. Internal factors like genetic. constitution and different hormones 


secreted form the body are responsible for the growth. 
14. A complex interplay of different hormones prodominently control the 


normal growth. 

15. In human like other mammals both embryonic and post-embryonic 
development, have among other factors, important hormonal control. 

16. At'about 12 or 13 years of age another spurt in growth occours due to 
release of sex steroids with the release of gonadotropins from the pituitary glands. 

17. This apperently last phase of growth, continues up to the age of 22 after 
which it attains a steady state. 

Bio (u)—6 


MOVEMENTS 


Syllabus: Types of movement (a) Movement in plants ;— 

(i) Tactic i—chemo, and thermo.—; 
hydro,—: (iii) Nastic 1—seismo,—and nycti,— 
(b) Movement in animals—(l) Terrestrial 
(ii) Aquatic—tish, (iii) 


(ii) Tropic :—photo.—, geo.—and 


—man (Bipdeal locomotion only) 
Aerial—pigeon. [ Struture and mechanism not required ] 
5c36, Introduction : 

"^ ADY sort of change in direction or position found in living organisms is called 
movement, When movement is associated with change of place, it is termed as 


locomotion. Movement is generally the characteristic of plants (except some 


lower groups of plants like, chlamydomonas, volvox, ete,), Whereas locomotion 
is a characteristic of animals (except some lower class of animals like sponges). 
‘Most of the plants are Stationary and can not move bodily from one place to 
another. The ability of plants tó move bodily from oné place to another, is 
referred to as movement of locomotion or locomotory movement. 
In all living organisms movement is brought about by certain internal as well as 
external stimuli, like water, temperature, oxygen, hormones air, nutrient, etc. 
Movement is generally of. two kinds—(1). Movement: of part of la body 
(2) Moyement of the entire organism due to change of place (locomotion) ; thé 
latter kind is called the movement of locomotion, 


5c37. Definition of movement 3 

The process by means of which the living organisms spontane- 
ously or due to the influence of stimuli, can move any part ‘of their 
body of the organism is known as movement. 

 &c38. Definition of locomotion : 

The process by means of which the living organism can 
change their position entirely from one place to the other due to 
the voluntary movement of their organs is known as locomotion. 

5c 39, Differences between movement and locomotion : 

The. main difference between movement. and locomotion is 
that in movement the living organisms do not change their place 
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entirely but in locomotion involement in change of place occurs. 
Movement inliving organisms occur in response to stimuli like 
light, temperature, water, gravity, etc. It may be mentioned here 
that, during locomotion, the limbs or parts of the body undergo 
movement. 

5c40, Purpose of movements and locomotion : 

The purpose of movement and locomotion are many. There 
isa need of movement and locomotion in order to maintain the 
different functions of the living organisms. The purposes are 
stated below. 

1, To acquire foods Almost all the plants are autophytes and 
do not need to perform locomotion. The roots of plant move 
towards the source of water for absorbing water. Some lower 
groups of plants can move from place to place in search of foods. 
Animals are not able to prepare their own food matters, hence in 
search of foods they have to move from place to place. 

2. Shelter: In order to livea normal life and to perform 
all the living functions properly a suitable shelter is necessary 
for all plants and animals. For that reason animals have to move 
from one place to another. 


3. Protection; In order to protect themselves from danger 


animals have to undergo locomotion. 


4. Reproduction; Locomotion of animals is necessary for 
reproduction. For the reason they move to a calm and quiet 
place, ; > 

5. Search of suitable environment: In order to get sufficient 
amount of light, air and water plants or parts of the plant moves. 
Many animals also undergo locomotion in search of a suitable 
environment, i 
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MOVEMENTS IN PLANTS 


Introduction s Higher plants cannot move from one place 
to another but their organs can move simply by bending. 
The organs also change their position. A few lower plants like 
Chlamydomonas, Volvox, etc, however, can move freely. 

5c'41. Conditions necessary for plant movements ; 

1. Water—An adequate supply of water is always necessary 
for certain kinds of movements. 

2. Temperature—Movements of plants can only occur within 
a certain range of temperature. 

3. Oxygen—The generation of energy in respiration due to 
oxygen helps the plants to move, 

4, Hormones—Plaot's hormones specially Indole acetic acid 
(IAA ) are responsible for certain kinds of movements like photo” 
tropism, geotropism, etc. 

5c42, Classification of plant movement : 

(D Movement of locomotion and (Ii) Movement of curvature. 

I. Movement of locomotion: The protoplasm within a plant 
cell or plant asa whole moves from one place to another without 
the influence of external stimuli. Such movements are called 
movement of locomotion. This type of movement is of two type 


Spontaneous (autonomic) and Induced ( paratonic ) movement 
of locomotion, 


Y, Spontaneous movements of locomotion; Spontaneous move 
ments are the movements of plant organs which occur without 
the influence of external stimuli. It occurs at the will of the plant. 
Examples—With the help of cilia certain bacteria and gametes 
can move, Some aquatic plants possess flagellum too ; e.g. Volvox, 
Chlamydomonas, naked protoplasmic plant, etc, can chage 
their position bodily, 

Movement of protoplasm within the cell without the influence 
of any external stimulus is also an example of this kind of mo". 


vement, The movement of protoplasm is of three types such 8$ 
cyclosis, amoeboid and ciliary, 


PF cq 
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1. Cyclosis : The streaming locomotory movement shown by the 
protoplasm within a cell is called cyclosis, Again the moyement 
of protoplasm within the cell without changing its direction is called 


Fig. 5c'66. M ssdiut of protoplasam ( above y Rotation in th» 
leaf of vallisneria ; ( below ) circulation in the stamina] hair of Tradescantia. 


rotation, This type of movement is seeninthe leaves of Vallisneria, 
Chara, etc, Here the protoplasm moves regularly either in clock- 
wise or in anti-clockwise direction, But the movement of protoplasm 
within the cell wall, changing its direction, is called circulation. 
It is seen in the stamen hairs of Rheo, Tradescantia, etc. Here the 
protoplasm moves irregularly surrounding several smaller vacuoles. 

2. Amoeboid: The creeping movement of naked protoplast 
with the help of false feet (pseudopodia) very much like. Amoeba, is 
called amoeboid movement, This type of movement of protoplast 
is also common in Myxomycetes. : 

3. Ciliary: The swimming movement of naked protoplast 
with the help ofcilia or flagella is termed as ciliary movement, 
The zoospores of certain thallophytes (algae and fungi) and the 
antherozoids of moss, fern, etc. show ciliary movenment. 
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(B) Induced movements of locomotion: This is the free type 
moyement induced by some external stimuli like. light, temperature, 
chemicals, etc. These movements are called the tactic 
movements or taxisms, These are of different kinds as being stated 
below, 

(i) Phototaxis ; When the movement of organisms is induced by 
light, is it called phototaxis, Example— Movement of algae, bacteria 
etc. towards weak light. 


(ii) Chemotaxis: When the movement of free organisms or 
free organs is induced by certain chemical substances, its is known as 
chemotaxis, Example—in mosses cane sugar is secreted by the 
archegonium to induce movement of the antherozoids towards it aud 
in ferns malic acid is secreted similarly, to attract the antherozoids. 

(ii) Thermotaxis: When the movement is due to change of 
temperature then it is known as thermotaxis, Example—movement 
of protoplasm ata higher rate within the cell due to a rise in 
temperature (upto to a certain limit) only. 

Il. Movements of curvature : Due to their: attachment with 
the soil by means of penetrating roots, higher plants are incapable 
of showing locomotion. But their organs may show change in 
position. This type of movement is called movement of curvature 
which can be further divided into two types, (I) Spontaneous 
movement of curvature or Autonomic movement of curvature and 
(2): Induced movement of curvature or Paratonic movement of 
curvature. 

l. Spontaneous movement of curvature ; When the movement 
Of organs occur in abscence of any external stimuli, it is called 
Spontaneous movement of curvature or autonomic movement of 
curvature. Again the spontaneous movements are of two types 
(a) movements of variation and (b) movement of growth. 
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(a) Movements of variation: The movement of curvature 
caused by the reversible changes in the turgidity of the cells is 
known as movement of variation. Such a movement is exhibited 
by the two lateral leaflets of telegraph plant ( Desmodium gyrans ). 
(Fig. 5c:67.) This type of movement is caused by the reversible 


changes in the turgidity of a group of pulvinar celis situated at the 
leaf base. 


Fig. 5c67. Movement of variation in Fig. 5c68. Growth 
Desmodium gyrans. movement in a twinner. 


(b) Movements of growth: The movement of curvature of 
gtowing organs due to their unequal growth on either sides is 
called movement of growth. This type of movement is always 
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permanent, Such growth movements may be nutation, circumnutation, 
hyponasty and epinasty. 

1. Nutation: In twinners, the stem apex moves in a zig-zag 
mannersimply because itstwo sides grow in an alternate fashion, 
Such a growth movement is termed as mutation, The nutation ofa 
delicate quickly growing stem may lead to twining. The movements 
of nutation may occur either in clock-wise direction e.g., Humulus 
sp. or in anti-clockwise direction e.g., Phaseolus vulgaris. 

2. Circummutation: In strictly rounded stem apices, the 
growth is comparatively rapid on one side and thus move spirally. 
This kind cf growth movement is called circumnutation. 


3: Hyponasty : The closing of flowers in bud condition is 
caused by more growth of the lower surfaces of sepals and petals. 
This kind of growth movement is termed as Ajyponasty. Examples— 


Immature leaves of Arum and circinate venation of fern (e£, 
Marsilea, etc.) 


Hyponasty Epinasty 
Fig. 5c69. Hyponasty and Epinasty. 
4. Epinasty: The opening of flowers is caused by more 
growth on the upper surfaces of sepals and petals and whereby they 


become stretched. This type of growth movement is known as 
epinasty, 


2. Induced movements of curvature : The movement when 
take place due to the influence of external stimuli like light, water, 
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gravity and temperature is called induced movement of curvature 
or paratonic movement of curvature, This again, are of two types. 
Tropic movements and Nastic movements. 


5c'43. Definition of Tropic movements 3 

When the direction of the response(movement) of the plant organs 
bearsa definite relation with either towards or away from the 
external stimulus, then the movement is called as tropic movement. 

Depending upon the nature of stimuli, tropic movements are of 
the following types—Phototropism, xn ae hydrotropism, 
Haptotropism and Chemotropism, 


A. Phototropism or heliotropism > (a) Definition : The movement 
of plant organs in response to the source of light is called 
phototropism or heliotropism or phototropic movements, 

The shoots grow towards the source of light and they are said 
to be positively phototropic while the roots grow away from it 
and are called negatively phototropic. Whereas, the leaves remain 
at right angles to the source of light and are said to be transversely 
phototropic. A plant kept near an open window bends towards 
the source of light (vide page 6°12). 

(b) Mechanism of Phototropism : From different evidences, it may 
be explained that phototropism occurs due to an unequal distribu- 
tion of growth hormone, auxin, on two sides of the stimulated stem. 
In this case, light acts as a stimulating agent. When light falls on 
one side of the stem, auxin-( which is produced at the tip of the 
stem) destruction occurs on the lighted side whereby more accumu- 
lation of auxin takes place on the shaded side. Due to this reason 
the concentration of auxin becomes greater on the shaded region 
than on the lighted region of the stem apex. So dueto the greater 
supply of auxin on the shaded side (where light does not fall directly ) 
of the stem causes a rapid enlargement of cells on that side, as a 
result of which a bending curvature of the stem occurs towards the 
lighted side. In case of root, the activity of auxins is just the opposite 
of stem, In the root, auxin accumulates on the darker side which 
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slows down the cell-elongation resulting in the bending away of the 
root from the source of light, ín root, a very low concentration of 
auxin is required for its activity 

(c) Experiment on Phototropism to show phototropic movements è 


(i) Materials required—Potted seedling, table. 


(ii) Procedure—The potted seedling is kept near the open window 
through which adequate light fall on the seedling. 


! Lass 


We 


a 
li 


ei 


Fip. 5c70. Phototropism. Fip. $5c71. Geotropism, 


(iii) Observation—After some days we notice that the stem moves 
towards the source of light i.e., towards the oper 
window. 

(iv) Inference—We can thus say that the stem, moving towards 
direction of the external stimulus light, is positively 
the phototropic or in other words, positively heliotropic- 
The leaves being in a transverse position towards the 
external stimulus is transversely phototropic. 


B Geotropism $ (a) Definition : The movement of plant organs in 
response to the source as determined by the force of gravity is know” 
as geotropism or geotropic movement, 
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Generally, the primary root moves towards the force of 
gravity and the primary shoot movesin the opposite direction, 
They are, thus, positively geotropic and negatively geotropic respec- 
tively. The lateral roots and the branches grow normally at 
right angles to the force of gravity and are called transversely 
geotropic. (vide Fig. 5c71, ) 


(b) Mechanism of Geotropism 3 Another growth movement is geo- 
tropism which also occur due to unequal distribution of auxin in the 
root region. When the root tips are placed horizontally then auxin 
accumulates more on the lower surface than on the upper surface. 
This shows that more accumulation of auxin takes place on the 
sides nearer to the stimulus, thanon the sides away from the stimulus. 
The roots are very much effective at low concentration of auxin, 
when the activity of the hormone’is* much more on the upper side. 
This causes the root to bend towardsthe direction of the stimulus. 
The presence of auxin in higher concentration on the lower surface 
of the stem causes its rapid growth. So the stem moves away from 
the stimuli (vide Fig. 5¢°71). 


The hormonal explanation can not be shown although the hydro- 
tropic curvature of the root results due to unequal growth of tissues 
of the two sid.s of the plant organs. 


(c) Experiment on Geotropism to show geotropic movements 3 

ʻi) Materials needed—Few germinating seeds and a moist 

substance. 

(ii) Procedure—The germinating seeds are placed in a horizontal 
position over the moistsubstance and is kept in a dark 

chamber in order to avoid the influence of light. 

(ii) Observation—After some days we observe that the tip of the 
radicle bend downwards showing positive geotropism 
of root and plumule moves in a direction vertically: 

upwards, depicting negative geotropism of stem. 
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Inference—Stem bending in the direction away from the 
external stimulus (gra- 
vitational pull) shows 
negative — geotropism, 
whereas, the root 
shows positive geotro- - 
pism by moving tow- ` 
ards the external 
stimulus (inthe form of 
gravitational alteration). 


C. Hydrotropism : 
The movement of 
= plant organsim in 
Fig. $5072. Experiment on Hydrotropism. response? to the source 


of water is called hydrotropism or hydrotopic movement. The roots 


Fig. 573. Hydrotropism Fig. 5c'74. Haptotropism 


grow generally towards the source of water and the shoot moves 
away from it. The former being positively hydrotropic while 
the latter is said to be negatively hydrotropic (Fig. 5c72). 
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D. Haptotropism or Thigmotropism 3 The movement of plant 
organs due to contact with a foreign body or touch is known as 
haptotropism. This movement is exhibited by tendrils of climbers. 
Here the growth atthe point of contact stops and growth begins 
on the opposite side. By this way the tendril coils round the 
hard substances, Thigmotropism is also shown by roots. Within 
the soil when the growing roots come in contact with a solid 
substance e.g., stone, bends away from it after forming a curvature. 

E: Chemotropism: The movement of curvature in response 
to the source of chemical ‘stimulus is called chemotrpism. Such 
a movement is observed in the pollen tubes while they move 
towards the ovule. Another example of chemotropism is the 
movement of tentacles of Drosera. 

5c44. Definition of Nastic movement s When the direction 
of the response of the plant organs bears no definite relation to the 
direction of the external stimulus and the organs behave 
indifferently, then the movement is called as nastic movement. 

These movements are mainly of five kinds. (i) photonasty 
(ii) thermonasty (iii) chemonasty (iv) nyctinasty and (v) seismonasty. 

(i) Photonasty: The movement induced by the change 
in light intensity is called photonasty. Flowers like water-lily, 
sunflower, poppy, etc. Open at sunrise and close at sunset and are 
positively photonastic, Flowers of night queen ( Cestrum noctu- 
mum ) open at night and are called negatively photonastic, These 
movements occur due to change inturgidity. The most striking 
photonastic movement in the sleep movement of leaves exhibited 
by Oxalis, Clover, etc. During the day time the leaves of those plants 
expand horizontally, starts drooping and closing towards the evening 
and do not regain its normal condition until the next morning. 

(ii) Thermonasty: The movement induced by the variation 
in degree of temperature is known as thermonasty. Flowers like 
Tulip, Crocus, open in higher temperature but closes with the fall of 
temperature. Such a movement is also caused by change in turgi- 
dity. 
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(iii) Chemonasty : The “movement 


induced by change in 


intensity of chemical substance is called as chemoriasty, Example— 


Fig. 5c75: Nyctinasty in Oxalis( i & 2) 


: movement of tendril away 


from chloroform and 
curving of tentacles of 
Sundew ( Insectivorous 
plant) in response to 
soluble proteins when 
placed in the centre of Jeaf. 

` (iv) Nyctinastys This 
type of movement occurs 
due to change iin intensity 
of both light and tempera- 


- ture which acts simultaneously. This is obseryed in leaves of 


Fig. 5c76. Seismonasty in sensitize plant ( Mimospudica ) 


Acacla, Bauhinia, Marsilea, eto, This movement is shown by 
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Oxalis leaf which opens during day but closes at night. The 
opening and closing of cactus, Tobacco, flowers are also induced 
by both light intensity and temperature. 

(v) Seismonasty ? The movement in response to the intensity 
of mechanical stimuli such as contact with foreign body, pressure- 
shock, shaking, etc, is called seismonasty. Example—when the 
leaflets of the sensitize plant (Mimosa pudica) is touched they droop 
down (Fig. 576). This is due to the fact that in the structure, called 
pulvinus present below the leaf stalk the turgidity suddenly drops 
due to the coming out of water into the intercellular spaces. So, the 
leaves droop down when touched. The extent of seismonastic 
movement depends upon the factors like—the intensity of stimulus, 
the vigor and age oí the plant concerned. 


Table No. 5c4 


Differences between Tropic, Nastic and Tactic Movements 


Tropic — Í Nastic |. Tactic 


l. This type ofj] 1. In nastic move- | 1. The plants ‘unde - 
movement does not | ment the plants do | 8° change of place in 
involve change of | not change their this type of movement. 
place of the plants. 

" place: 2. This type of 


2. Tropic move- | 2, This type of | movement is 

ment takes place in | movement depends a ab Aan m 
the direction of the | on the intensity of | well as direction of the 
stimulusand depends | the stimuli and is stimulus 

on the intensity of | not dependent on : 


the stimulus, the direction of the 
stimuli, 

3. Types— 3. Types— 3: Types— 

Phototropic, Photonasty, Phototactic, 

Hydrotropic, Thermonasty, Thermotactic, 

" Geotropic Nyctinasty, Chemotactic, etc. 
- Chemotropic, Chemonasty, 

etc. Seismonasty. 


Classification of plant Movements 


| 


Movements of Locomotion 
( Entire body moves ) 


| 
l | 


Spontaneous or autonomic Tactic movement ( due 
movement (due to internal to external stimulus) 
protoplasmic changes ). Entire body moves. 

1. Protoplasmic move- 1. Phototactic(Light 
ment. (i) Rotation eg., actas external stimulus 
Vallisneria (Pataseola) (ii) e.g., Algae. 
Circulation e.g. stem hairs 
of cucurbita stem (gourd). 

2. Ciliary movement e.g., 
chlamydomonas. 


2. Thermotactic— 
Tempeature act as ex- 
ternal stimulus. . 

3. Chemotactic— 
(Chemical act as 
external stimulus) e.g., 
Antherozoids of Fern 
(Dryopteris). 


3. Amoeboid movement 
eg, Myxomycetes. 


| 


Movements of curvature (Movements 
of the organs of the body) 


EP ALAE CURARET. 


Spontaneous or autonomic Induce movement (due 
movement (dueto intenal to external stimulus) 
stimulus) plant organs move. 


[: 
l | 


Growth movements Movements of Variation 
1. Nutation and (caused by the reversible 
Circumnutation e.g., changes of turgidity of 
Growth of theapical cells) e.g., Desmodium 
parts of stem. ( B. Bancharal). 
2. Hyponasty and 
Epinasty e.g., Fern, 
Arum. 


(ue1d oAnmsueg) 
psowjpy "3'e—(rnums jeorusgoour “oy 7039 “qooys 
‘grnssord ‘yono; Aq poonput)  Ayseuoustiog °¢ 

"wu10jo1o[qo u01j Aeme 
]izpuo) jo 3uouroAo]A *S'o—(saousjsqns pego jo 
Áysuojur ur oSuego áq peonpur) AyseuowoyD "y 
‘( rusng 
'd) vans “S'a—(oinyesoduse pue 3431 uijoq Jo 
Ayisuojut Jo o3ueyo oj onp peonpur) ÁKijsturpAN £ 
‘din, *3:9—14 o1n3e1oduoj jo 90180p 
ur uoneusA og} AQ poonpur) Ájseuouneu]p C 
"39mogung— 8o (&jisuojut 
q3 ur o3ueqo oy} Áq peonpur) ÁjseuojOgd “I 
*( snjnums 991 jo uonoourp 
oq) o) uone[a Aue 19»q 3jouop jnq sn[nugns 
]eujojxo oy) Jo Ájsuojur oy} 0) osuodso1 ur sind0Q) 
7 IMSEN 


(sooueysqns 
[eorweyD )snpjnumns jo 091nos əy} 0}  osuodsor 
uroinjeAimo JO yowo “S'9—odonoweyD 'p 
"K3IAIS JO 9910j OY} 03 prvdox 
yum xode 3001 Jo jueun^oJN "3'0—01d013095 ‘E 
“I0ZVM JO 0211108 IY} SPIBMO} 3001 OJI 
SuUvZIO juejd jo juourAO]N *3'9—o1doxoJpÁH  'Z 
"4431 Jeroeun JO o21nos IY} sp1eA0] WIJS ONL 
suvsio juv[d jo yuowoaow "S'9—o1domjojouq I 
(snjnuims 043 Wor 
ABMB IO SpivAO) Joujro CAOW suegro Og  'snjnuims 
JEUJojxo- jo oeoinos oqj 0j osuodser ui sinooQ ) 
odor], 


SE SIR Re ou AUT 


('p1uo2) uomoAom paonpuy 


Bio (u)—7 


SUMMARY 


Movement is a characteristic ofthe living objects. The process by means of 
which the living organisms spontaneously or due to the influence of stimuli can 
move any part of the body or organs is known as movement. But in locomotion 
involvement in change of place occurs, during which the entire living orzanism 
moves from one place to another, Plant movements are classified into — movement 
of locomotion and movement of curvature, Movement of locomotion are of two 
types—spontaneous (autonomic) and inducei( paratonic ), The movement of 
protoplasm is of three types—Cyclosis, Amoeboid and Ciliary. Induced move- 
ments are also called tactic movements, Tactic movements or taxisms are of the 
following kinds—Phototaxis, Chemotaxis ani Thermotaxis. The movement of 
curvature caused by the reversible changes in the turgidity of cells is called move- 
ment of variation. This type of movement is exhibited by the two lateral leaflets 
of Telegraph plant, Nutation, circumnutation, hyponasty and epiaasty are th? 
growth movements. The directive moyements of plant organ: in response to 
external stimuli are calle tropic movements, Tropic movements are of the follow- 
ing types—phototropism, geotropism, hydropism haptotropism and chemotropism. 
Phototropism, Geotropism ani Hydrotropism of plants can be experimentally | 
demonstrated, The induced movements which occur in response to the external 
stimuli but do not bear any relation to the directioa of the stimuli are called 


nastic movement, These movements are mainly of five kinds—photonasty, 
tfhermoaasty, nyctinasty and seismonasty. 


THINGS TO REMEMBER 


1. When the body, aisle dx but its parts or organs move, then it 
is calle] movement. 


2, When the entire body moves fin one place to another, then it is called 
locomotion. 

3. Movement of the entire body due to external stimulus is called tactic 
movement e.g., Chlamydomonas. 
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4, Protoplasmic movements are rotation ( regular movement ) and circulation 
(irregular movement ). 

5. Movement of algae towards light which act as external stimulus— 
phototactíc movement. 


6. Movement ofantherozoids towards egg, where chemical substances act as 
external stimulus—Chemotactic. 


7. Growth movements are Nutation, Circumnutation, Hyponasty and Epi- 
nasty. 


8. Growth of the apical parts of stem—Nutation and circumnutation, 


9. The movement of nutation may occur either in clcckwise direction (eg. 
Humulus ) or in anticlockwise direction ( e.g., Phaseolus ). 


10. When the direction of the response of the plant organs bears a direct 
relation towards the stimulus, then it is called tropic movement. 


11. When the direction of the response of the plant organs bears no definite 
Telation to the direction of the stimulus, then the movement is called nastic 
movement. 

12. Movement of plant organs like stem towards the source ofunilateral 
light—Phototropism. 


12. Movement of plant organs like root towards the source of water—hydro- 
tropism. 


14. Movement of root apex with rezard to the force of gravity—geotropism. 


15. Movement of curvature in response to the source of stimulus of chemical 
Substance—chemotropism. 


16. Movement induced by the change in light intensity e.g. The flower of sun- 
flower opens during the daytime— Photonasty. 


17. Movement induced by the variation in degree of temperature e.g. Tulip— 
Thermonasty, 


18, Movement induced due to change of intensity of both light and temperature 
£.g., Marsilea—Nyctinasty, 


19, Movement induced by change in intensity of chemical substances — Chemo- 
nasty. . 


20. The movement of tendril away from chloroform is a chemonastic 
movement. 

21. The movement induced by touch, pressure, shock, etc,, ie, caused by 
mechanical stimuli e.g., Mimosa—Seismonasty ; during which the leaffets droops 
down. j 
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5c5. Introduction : Although locomotion is a characteristic of 
animals, it should be kept in mind that there are many animals, like 
sponges, corals, (adult) tunicates, etc, which are fixed and as such 
sessile, Such adults, however, have passed through an active free- 
swimming stage, before attaining adult life, Still, although: they 
are sessile adults, they retain the capacity of moving their separate 
parts. 


The infra-structure of locomotion : A number of animals contain 
Some contractile tissues that enable them to move parts of the 
body structure orto carry the whole body from one placeto the 
other, From flatworms. to human, all animals have muscular 
tissue that has characteristic elongated shape and are of contractile 
proteins. True muscle cells are lacking in cnidarians, but they 
contain some cells which can contract. More simpler organisms 
contain some specialized structures called cilia or flagella that help 
in their movement and locomotion. 


In. animal kingdom, movement and locomotion of various 
forms that exist are determined largely by the environment in 
which they are living. 
Movement and locomo- 
tion in animals play 
important roles in food 
collection, protection 
against enemy, helping 
in the selection of 
suitabls environment 


Fig. 5c"77, Formation of ; z RT. 
psendopodium in Amoeba. and in finding 
partners, In the follow- 


ing section a comprehensive account, of different types of move 
ment and locomotion commonly found in different animals afè 
presented, 
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5c'46. Movement (simpler forms) in unicellular animals $ 


(1) Amoeboid movement : Thisis the most primitive type of 
locomotion found in unicellular organisms that are devoid of any 
sp:cialized locomotory organelles. This type of movement is also 
exhibited by the blood leucocytes. Initially, finger-like projections 
called pseudopodia appear at the surface ofthe body due to the 
prolongation of the outer ectoplasm, followed by the entry of 
endoplasm in this part, The pseudopodia gradually grow in size 
along with the gradual movement of the total endoplasm to this 
side of the cell and finally disappear, as a result the cell outline 
becomes smooth, This type of pseudopodial movement is very 
slow and the organism moves about one inch per hour. 


(2) Ciliary movement ; Some aquatic animals are provided with 
fine hair like processes, called 
ciliaand the organisms move Dy 
due to the synchronous beating 
of these hair-like structures, 


Examples of such animals are 
Paramaecium, Vorticella, etc. 


The beat ot each cilium 
consists of a rapid vigorous 
bend (effective stroke) in one 
direction -and is followed by 
a slow recovery stroke, 


(3) Flagellar movement ¢ 


H 

A . | 

$ 

ta ge 


Aquatic animals like Euglena, t 
Ni t 

pieces etc. contain long Fig. 5c°78. Locomotion in 
thread-like structures called unicellular organisms 
flagella, that arise directly A-Paramaecium and B-Euglena. 


from the body. These organisms can move from one place to the 
other due to the beating of their flagella, 
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(4) Movement by myoneme fibrils: A few unicellular organisms 
like Monocystis, possess some contractile elements called myoneme 
fibrils that help in their movement. 


5c47 Movement in multicellular animals 2 


© (1) "Movement in aquatic multicellular animals: Most of the 
aquatic multicellular organisms contain muscle fibres that help in 
the movement of: various forms, Although Hydra does not 
contain true muscles, yetit exhibits various forms of locomotion 
in which some cells with contractile property play a dominant role. 

(a) Movement in Hydra 2 In Hydra, various types of locomotion 
are seen. 

(i) Somersaulting : In this pattern of movement, the side of 
the body which remains in the direction of the movement, first 
contracts in such à way that the tentacles come in contact with 
the ground alittle ahead ofits original position. At. this point, 
contraction of the opposite side of the body occurs leading to the 
detachment of the base plate. Hydra at this point remains in an 
inverted position, Due to repetition of the above process the animal 
again places its base at a new position on the ground or on any 
other support. 


(ii) Looping: It is more or less similar to somersaulting but rit 


Fig. 5c'79 Various types of movements in hydra. 


this type of movement, when the tentacles make contact with the 
ground, the animal detaches its base plate and places the same close 
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to the tentacles. However, the organism never assumes an inverted 
position as in somersaulting. 

(iii) Climbing: During this type of movement the animal 
attaches itself to the support by means of its tentacles and move 
from one place to another with the help of its tentacles alone. 

(iv) Swimming g In this type of movement the base plate remains < 
detached from any support and the organism propels in the fluid 
medium only with the help of its tentacles, 


5c48. Movement in aquatic animals : 

Some aquatic animals like jelly fish, octopus and loligo contain 
mucular tissue. During movement they exert a pressure of water 
in the mantle cavity and this water then comes out through 
a small enclosed aperture like the exhaust in a jet engine, providing 
2 forward movement to the animals. Starfish on the other 
hand has organs for locomotion called tube feet that are 
arranged on two sides of the deep furrow in each arm. Contraction 
and relaxation of these tube feet help the creature to move 
from oneplace to another. Leeches are provided with true muscle 


fibres, contraction and relaxation of which help in their movement 
in water. 


Crustaceans like prawn, have a few appendages on the ventral side 
of the body (thoracic region) which helpthem to crawl at the bottom 
of the tank or on some support. Moreover, they can swim in water 
with the help of. six pairs of appendages called swimmerets, that 
Temain on the ventral side of the abdomen. 

5c.49, Locomotion in (Bony) Fish : 

Fishes are. primarily adapted to aquatic life. Hence, their body 
is totally adapted to aquatic medium. As such, their body form 
(spindleshape) even, is. extremely helpful in minimising the 
resistance of the water during progression. The locomotary organs 
of the fish are muscles fins, swim bladder, etc. their role in 
locomotion (swimming) are given below. . 

Role of vertebrae and muscles in locomotion : In bony fishes 
the vertebral column consists of a series of vertebrae joined 
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togethers by ligament, (a tough connective tissue ) in such a way 
that the whole spine remains flexible. The muscles on each 


Forward 
motion N 


Backwa 
Bectiard iN thrust 

rust Ji Relaxed siee] 
thrus stre tched. 


muscle 


Fig. 5c*80. Fish body shapes and Swimming movements, (A)— Tunny (tail 
sweeps from side to side), (B) Eel (S-shaped bends pass head to 
tail) and (C) Swimming muscles in action. 


side of the vertebral column contract’ alternately and the 
contractions pass like a wave from the hedd to the tail. Since the 
head part is less flexible and is of more weight than the tail part, 
such efforts cause greater movement of the caudal portion in 
comparison to the head (Fig 5c:80 ) Lashing of the tail at one 
particular side of the body in a fish results in a sideway push and à 
forward movement of it through the water. When this wave-like 
undulations come to the tail, the tail immidiately strikes in the water 
alternately on the left and on the right. This alternate left-right 
movement of the tail is the pivot on which the entire mechanism 
of forward progression rests. Because, when the tail strikes on the 
right, the resistance of the water creátes'a force'which pushes the 
fish on the left and forwardly. Conversely, when the tail immedia- 
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tely lashes on the left a similar phenomenon occurs on. the opposite 
direction and the fish.is pushed on the right and forwardly 


4 


Forward thrust 


Sideways 


Forward thrust 


thrust 


Side 
thrus Thrust of 


water 


Fig, 5c'81. Diagram shows how swimming movements produce motion, Thick 
arrow indicates direction of lashing of the tail. 


(Fig. 5c:82). It is important to note ‘that the necessary force for such 
forward progression is initiated by undulations of the body. muscles 
(myotomes) and the stroke of the tail jointly, in the ratio of 3: 2. 


Fins and its role'in moyement : In-most fishes the fins (one pair 
each of pectoral and pelvic fins, and one each of dorsal, ventral, 
anal and caudal fins) control the stability and direction of movement. 
In few fishes the fins may even provide some propulsive force 
( Fig. 5c'81 ). 

Functions of fins: Unpaired dorsal and anal fins— when 
expanded, incrased the surface area vertical plane. This prevents 
rolling of the fish. Paired fins during slow movement,—these fins 
offer resistance to water thrust by expanding at right angles to the 
body to increase surface area, During rapid progression these fins 
remain attached to body surface. The undulations of the paired 
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fins in angular plane helps the fish in moving at different levels of 
water. Caudal fin—Steers and directs. 
the movement. 


Role of swim bladder: The swim 
bladder in fish is an air-filled sac that. 
makes them buoyant and also helps 
them in swimming at different 
depths of water. 

2. Movement in Amphibious 


animals $ Some vertebrates like toads, 
ducks and others that can live both 


=- Possible movementsofthe fish, in waterand. on land: have webbed: 
Waler pressure resisting movements feet which ‘help to swim in water. 
Fig. 5:82, Diagram In animals like whale, penguin, turtle 


Show how median and paired (tortoise) appendages are modified to 
fins control body movements, form structures called flippers that 
help in their movement in water. 

Movement in Toads » On land, toads show two forms of movements 
(a) leaping and (b) crawling. In both forms of movements the 
hindlimbs takes the active part. During leaping, the strong 
extensor muscles (muscles that move part of the body away from it) 


Fig. 50°83, Leaping of toad. 
of the thigh contract, causing a sudden extension of the hind legs 
(Fig.5c:83b), which exerts a strong thrust on the ground. This thrust 
is transmitted to the whole body through the pelvic girdle resulting 
in a leap in the forward direction. During leap, when the body is 
in-air, the hindlimbs still remain extended for sometime and the 
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forelimbs remain in a slightly flexed condition. When the body 
tends to fall on the ground the forelimbs become stretched i. e., 
extended (Fig. 5c'83d) and first touch the ground. The forelimbs 
become flexed as soon as they absorb the shock of landing, while- 


the hindlimbs on touching 


the ground attain a flexed 
condition. 


During the onset of craw- 
ling movement, extension of 
a hindlimb provides the 
forward motion of the oppo- 
site. forelimb. When the 
latter touches the) ground, 
at some point ahead, this 
hindlimb begins to flex while 
the other : hindlimb starts 
extending: At this point, the 
hindlimb that had extended 
first becones completely 
flexed together with the 
flexion of the opposite 
forelimb. 

5c50 Movement in 
terrestrial animals 2 

Most terrestria] animals 
are provided with organs for 
locomotion and a wide 
variation in these structures 
results in various forms of 
locomotion in them. 

(a) Movement in Earth- 
worms; The earthworm 
possesses; both circular and 


Circular muscles contracted; 
Longitudinal muscles relaxed 
Bristles withorawn from soit 


Circular muscles relaxed; 
Bristles extended sideways 


: Longitudinal muscles contracted i 
Circular muscles relaxed + 
Bristles. extended 
Circular muscles contracred; 


| Longitudinal muscles contracted 
A 
Longitudinal muscles relaxed; 
&ristles withdrawn 
Circular muscles contracted; 
Longitudinal muscles relaxed? 


Bristles withdrawn 


Circular muscles relaxed; 
 Bristles grip and anchor 


Longitudinal muscles contracted: 
against soil 


Circular muscles contracted; 
Longitudinal muscles relexed'; 


c 


Fig. 5c'84, Diagrams to show movement 
; of an earthworm, i 


longitudinal muscle fibres and is also provided with structures- 
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called setae (bristles) that arise from the ventral surface of 
the body: During movement contraction of the circular muscles 
and relaxation of the longitudinal muscles of the first few segments 
provide the propulsive force to those segmemts of this organism. and 
during this period the setae are withdrawn which help them to 
move forward (Fig. 5c'84A). In the next step, relaxtion of the 
circular muscles and contraction of the longitudinal muscles together 
with the extension of setae provide these segments with an anchorage 
to the soil. (Fig. 5c:84B). During this period a wave of relaxation 
of the longitudinal muscles and contraction of the circular muscles 
together with the withdrawal of setae help the animal to pull a few 
other body segments close to the anchored ones. Repetition of the 
above processes in other segments (Fig. 5c'84C) help it to move 
forward. . This type of movement is known as erawling. 

(b) Movements in Insects : Movements in insects, like vertebrates, 
are dependent on the activities of muscles located within the limbs 
andin the body. Insects contain three pairs of jointed limbs 
attached to the thorax. The terminal parts of the limbs are either 


Fig. 585. Walking pattern ina beetle, Arrows indicate movement of 
three legs more or at a time. 
serrated or are provided with Sticky pads which enable them to 
grip the suppot, During movement three of the legs (forming à 
tripod) support the body (Fig 587, unsheded legs ) while the others 
swing forward to a new postition, Modifications in the limbs 
(hind limbs being longer than the forelimbs) and their musculature 
help insects to leap like grasshopper. Insects also have wings which 
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may be either long or short. Movement of the wings occurs during 
flight due to the activity of a special kind of muscles. 

(c) Movement in Snails: Locomotion in snails is effected by 
contraction and relaxation of the broad muscular foot, present on 
the ventral side of the body. 


Nes ise 


Fig. 5c°86, Diagram showing Crawbing movement of lizards, 


(d) Movement in Reptiles : Crawling over the medium with they 
helpof paired limbs and associated muscles as exhibited by lizards, 
isthe general pattera of reptilian movement, excepting reptiles like 
snakes, which use large scales present on the ventral surface of the 
body accompanied by muscles for this purpose. The propulsive 
force is provided by the muscular tissue. 


5c51. Aerial Movement in bird Pigeon $ 


On land, most birds can walk on the ground with the help of two 
hindlimbs and can even fly with a pair of forelimbs, that are 
modified into wings covered with feathers. The normal posture of 
the birds brings the centre of gravity of the body just below the joint 
of the femur and pelvis, an arrangement helpful for walking move- 
ment, The alternate contraction of flexor and extensor muscles of 
the hindlimbs help in their walking movement. Birds like Emu 
and Ostrich can not fly due to their heavy body and the ill-develop- 
ment of their wings. 


9 Adaptations for aerial life? Several modifications in the body 
Structure of the birds help them to fly in air. These are è 

(a) Conversion of forelimbs to wings ( Fig. 5c’88). 

(b) Presence of a large pectoral (depressor) muscle (Fig. 5c'87).. 
for lowering the wings, i 

(c) Presence of a  keel-ike extension. of the sternum 
(Fig. 5c'87). for the attachment of the pectoral muscle, 


:5c'110 A TRXI BOOK OF BIOLOGY 


(d) Presence of hollow bones to reduce body weight, 
(e) Presence of air-sacs connected to the lungs (Fig. 5:55) 


5. Whole body liftea 4.Upihrusttransmitied \ 


Tendon of pectoralis A from wing to coracoid 


minor 


Coracoid 
Pectoralis minor- 3. Airresistancegives 
. (raises wing) upthruston wing 
Fecloralis major E: ing i Wn 
(depresses wig) iscas Wing is pulled do 
jim, Serum 1. Pectoralis major contracts 


Fig. 5c87. Front view of the skeleton and muscle 
concerned with. flight ; 1-5 number indicate sequence of events 
in lifting the body in the flight of a bird. 

(f) Presence of well-developed coracoid bones (Fig. 5c'89), that 
transmit the force for the upliftment of wings to that of the body 
level. PSSA Sate 

@ The vital role of muscles in flight ; 

In birds, the tetrapod muscles have developed marvellously, 
particularly of the forelimbs. (1) The well-developed pectoralis 
‘major muscles attached to the keel (or carina) (Fig. 5°90) are efficient 
in effecting the powerful down-stroke of the wings by which the bird 
is able to rise and propel through air, This strong muscle comprises 
‘of one fifth of the total body weight. In fact, the entire space 

between the body and the keel is occupied by this pectoralis major 
muscles. On the other hand it is connected with the ventral surface 
‘of the humerus which enables the muscle to depress it, 

(2) The other important muscle, as stated earlier, is pectoralis 
minor or supra-coracoideus ; this muscle, arises from the anterior 
part of the body of the sternum; dorsal to the pectoralis major. This 
muscle passes through foramen triosseum between furcula, seapula 
and coracoid and thereby inserted to the dorsal side of the humerus. 
The foramen serves as a pulley which helps in changing the 
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direction, The backward pull ofthe tendon, raises the humerus 
and thus the wing is elevated. 


(3) Coraco-brachialis longus is another muscle which is rather 
small in size. 

(4) Coraco-brachialis brevis is also of the same size. 

The above two muscles ( 3 and 4 ) are connected to the head of 
‘the humerus and are. respoansible for rotation of the wing along the 
glenoid cavity. 

(5) Deltoid. muscles — These are three in number, named as 
tensor longus, tenso brevis and tensor accessoris. The wing is 
extended extensively through the action ofthese muscles which 
stretches the patagium to its maximum limit. 


(6) Tensor membrane postorioris alae is another small muscle 
«œf similar nature which keeps the post-patagium tense through its 
action. 

Besides the above muscles, the fore arms are provided with 
"biceps and triceps through the action of which the elbow is operated 
that makes adjustments during flight. The medial rotation of the 
"wing is being done through the action of two brachioradialis 
muscles, 

Although the muscles of the digits are poorly developed, still 
‘they are capable of alterings the specific parts of the wing and the 
feathers of the wing during flight. The extra-forward momentum 
during take-off is effected through the movement of the first digit 
by the action ofthe policis muscles attached to it and thus controls 
the position of the bustard wing. 

Wings and flight feathers: The pair of wings are beset with 
feathers—the nature's masterpiece. Feathers of wings are of different 
types, The wing feathers have important role in flight and hence, 
known as flight feathers. Those feathers which are attached with 
the metacarpels are the largest in size and are known as primaries. 
The feathers which remain uttached with the ulna, are known 
as secondaries, Wing feathers are collectively known as the 
-remiges, while those large feathers which are attached with the 
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Feathers are inter-locked among 


tail are known as rectrices, 
The muscles of the body operate 


themselves through ligament. 


Carpo-metacarpals 
Grand bones) 


Ball joint articulates 
all Join arti 


Carpals (wrisf bones) 


Secondary feathers 


Fig 5c.88, Skeleton of a wing showing arrangment of flight feathers 


efüctively to get the feathers closely attached among themselves 
(where they are interlocked) or to lossen the compactness. 

In most common flapping flight the pectoralis major muscles 
contract pulling the wings down. Due to this movement, the air-resis- 


8^ 


Fig. 5c'89. The aero-foil shows the passage of air during sustained flight. 


tance gives an upthrust on the wings. This force being transmitted 
through the conacoid bones to the sternum and lifts the whole;body. 
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ofthe bird. Besides the wing is dorsally convex and ventrally ` 
concave. This shape of the wing is also helpful in sustained 
flight and in lifting up the body. 
In addition to this, the forward 
movement is provided by the Eibow joint 
sliding action of the wings, Elevator muscle 
especially near the tip. During y Depressor muscle 
down-stroke of the wings, the 
leading edge containing the pri- 


Lamento Sevaer, 


=Keel-shaped 
mary feathers (Fig. 5788) remain à (Gitte. : 
below the trailing edge containing Fig) bo90. Sternum and fte velition. 
the secondary feathers so that, with the flight muscle of Bird, 


air-thrust from the backward on the leading edge moves the bird 
in the forward direction. An up-stroke of the wings occurs due 
to contraction of the pectoralis minor (see flight muscles) and is 
much more rapid than the down-stroke. During up-stroke a slight 
bending of arms puts the leading edge (with primary feathers) a bit 


Descends by the gravity 


Turns onthe side of 
the flowof wind 


=~ 
QS S => Ascendsageinst 
ES == cenas ag: 
Wind flow (ex Lan fhewind 
-—— ——— TN yii E 
or — —— a Pans Sy 


Fig, 50°91, Gliding flight of bird, 


higher than the trailing edge and the air thrust on the wings close 
to the thorax lifts the wings rapidly. Furthermore, the overlapping 
of primary and secondary feathers produces greater resistance 
during down-stroke than during up-stroke ; thus during up-stroke 
air passes through the feathers. 

(2) Sustained flight: It isa continuous flight in which the 
bird keeps its wings stretched and expanded and float in the air- 
current, In this flight both the air-current and upward thrust take 
Part, With the slowing down of the air-current, 


en 6 f CJ See 


the pigeon 
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automatically :drops down wardly (Fig. 50°91). In this case, the 
aircurrent over the wing becomes higher that finally restores its 
normal vertical position. In fact, strong air current is the main 
source of sustained flight in which the pigeon moves in a wavy 
direction. s 


Fig, 6099.. Position of wings during flight in pigeon. 


. Role of rectrices ( Tail feathers ) : During perching or speedy 
flight these feathers act as breaks. 


Directional Change during flight : The speedy undulations of 
the primary feathers of one side effects change in direction of 
the opposite side. Through the undulations primaries of the 
right side will initiate a directional change of flight on the left and 
conversely the left primary undulations will cause a desired chatige 
on the right. 

Wings at rest : Wings remain attached with the body surface 
by fold of skin kiiown as patagium. At rest they get double 
folded,— one fold is in the region of arm pit and is known as post 
patagium, The other one is anterior in position and is connected 

with the humerus and wrist. The latter is known as prepatagiam. 
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5c52. Human Locomotion : 


Like many other mammals human beings have the ability to 
move about on dry land. Such abilities are accomplished by the 
proper functioning of three kinds of tissues which are as follows : 

1. Bones and their joints: They form skeleton and well- 
organised frame-work of articulated levers. 


2. Muscle: Its inherent contractility provides the necessary 
force which is utilized through lever systems for displacement of 
different parts of the body in relation to one another. 


3. Tendon nnd ligament : The former attaches muscles to the 
bones thus enabling the bones to move during muscular contrac- 
tion and the later attaches bones with one another. 


A. Bones: These are composed of living cells (osteoblast) 
surrounded by hard, dead mineral (mainly calicum) substances. 
Bones form the skeleton ( endoskeleton ). In human being it 
consists of 206 bones. Functionally, mammals and all other 
vertebrate's skeleton is divided into two parts—(a) The axial skeleton 
which includes the bones of skull, vertebral column. ( back bone ) 
and ribs'cage. These bone combinedly form the main axis of the 
body. (b) The appendicular skeleton which includes the bones of 
shoulder blades (pectoral girdles), hips (pelvic girdles) and the arm 
and leg bones. Beside supporting functions, another main function 
of the skeleton is to act as a system of rods and levers which are 
moved by muscles, The nature of movement in animals depend on 
the nature of joints. Thus, the joints and cartilages also play 
important roles in the formation of the skeleton, 


B. Joints: Joints occur wherever two or more bones touch. 


| There are three principal types of bone joints. 


(a) Immovable joints: In some cases the bones are firmly 
joined together by fibrous tissue e.g., joint of the skull. 


(b) Slight movable joints: This type of joints have a pad 
of flexible cartilage bound between the bones e.g.. between adjacent 
vertebrae in the backbone. 
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(c) Movable joints or Synovial joints : There areabout 70 freely 
movable joints in the mamma- 
lian skeleton. Synovial joints. 
are so called because the 


capsule. 3 - | 
j losed 
synovial against the next is enclo 


fluid within a capsule filled with i 
Synovial synovial fluid. This fluid 
faut lubricates the joint when the 
Articular bones move. At the joint, 
cartilage each of the ends of the 
bone has an articular cartl- 
y i lage covering the articular 
„Fig. 6008, Synovial joint. surface. 


Cy, Types of joints : 


(i) Ball and Socket joint: This type of joint is formed when 
a rounded head of one 
bone fits into a’ cup- 
shaped socket in another. 
Example—shoulder joints 
and’ hip joints, 

(ii) ‘Hinge joint : In 
this joint the bones move 
like the hinge of a door 
in one plane only. 


Examples—Interpha- 

langeal joints of fingers 

and toes. Fig. 5904 Different types of joints in mans 
(ii) Pivot joint—In A—Ball and socket joint, B— Condylold, 


i TM O—8addle, D & E—Hínge and F—Pivot. 
this form of joint, a x re 


projection of one bone serves as a pivot for the rotational move” 
ment of the other, 

Examples—Joint between first vertebra or atlas and second. 
vertebra or axis. j 


region where one bone rubs  . 
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(iv) Condyloid joint: It has a convex articular head in the 
form of a protruding rounded process which resembles an ellipse 
in shape and is called a condyle. It allows movements on two 
axes. Examples—knee joint. 


(v) Saddle joint : This joint is formed by two saddle-shaped 
articulating surfaces. Example—Carpo-metacarpal joint of the 
thumb. 


(vi) Plane joints: The articular surfaces in these joints are 
almost flat: Example—intervertebral joints. 


Movements of joints: Following types of movements at the 
joints are distinguished : 


: 
DE 


Flexion Extension Abduction Adduction 


il 


ction E e Internal 
Flexion Extension Abduction Adducti rotation rotation 


Fig. 5c'95. Different types of movements of upper?and lower limbs of 
the human body. 


(a) Flexion: Movement around the frontal transverse axis 
and during movement the angle between the bones becomes more 
acute. Muscle which bring about such movement are called flexor 
muscle i.e., biceps, gastrocnemius, etc. 

(b) Extension : Movement takes place just in opposite direction 
to flexion. Muscle concerned are called extensor muscles i.e., tricep, 
anterior tibialis, etc. ' 

(c) Abduction: Movement that takes place at right angle to 
flexion and extension. During this movement the limbs move 
away from the midline of the body. Muscle concerned for such 
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movements are called- abductor muscle i.e., gluteus medius, gluteus 
minimus, etc. 

(d) Adduction: Movement of limb towards the midline of 
tħe body. It occurs just in opposite direction to abduction. Muscle 
concerned is adductor muscle. 


Splenius capitis 
Splenius cervicis 
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Fig. 50°96, Diagram—lateral view of human body showing different types 
of muscles responsible for errect posture. 


(e). Rotation; Moyement arround a longitudinal axis, inward 
and outward or to the right and to the left. — ' 
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(f) Circumduction: This type of.movement occurs in those 
joints in which all the four types of angular movements are per- 
missible. Such movement occurs at the shoulder-joint during 
bowling in cricket or while serving in tennis. 

(g) Gliding: In this form of movement, two surfaces glide 
over each other but there is no definite axis of movement, It is 
the chief variety of movement taking place in between carpal bones 
or the wrist and at the intervertebral articular facet. 

| 2. Muscles: The bony skeleton provides a frame-work 
| for body. Withous muscle, however, it is not of much use. 
| The skeletal muscle of the body are attached to the bones. They 
| act as levers which enable us to move. Skeletal muscles are 
attached to bones by either tendon or aponeurosis both of which 
consist of bundle of thick connective tissue fibres. Muscles 
generally remain attached to at least two bones. The less movable 
orfixed bone with which the muscle remains attached is called 
origin of the muscle, while the more movable one as the insertion 


3 [reps of. Ag 


biceps 


raises forearm f 
ricepsfextensor) 


= y FN 

| 

Ew E j 
SS “Humerus 


Radius uina 


Biceps(flexor) 


Fig. 50'97. Diagram showing process of bending of elbow joint and thus upper 
arm and fore arm come closer due to contraction of bicep and relaxation 
Ey «wu X ot tricep muscles. 


4 " 


of the muscle. - Contractility is the most important property of "d 
‘muscle. When a+ muscle contracts it exerts tension bétween its 
two points of attachment; $ 

; In-maínmals as with 4il other animals described in this chapter, 
muscles work ot gg to each other in antagonistic systems, In 


st 
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each of these systems one set of muscles causes the bending of 

joint. These are called flexor muscle. The other sets of muscles are 

those which work in the opposite direction to straighten the joint 

are called extensor muscle. The origin and insertion of flexor and 
© extensor muscles are illustrated in Fig. 5C'98. 


| Fulcrum 
£ffort H t 
load 
A 
fas load 
Fulcrum 
Gastrocnemius 
le 
g Eft x 
"Achilles 
» PA tendon 
Fulcrum Load 


Fig. 50°98. Diagrammatic representation 
of leverage system in bipadal movements 


Leverage system in move- 
ment: During any kind of 
movement the bones act as 
levers and all lever systems 
consist of three parts. The 
fulerum is the point round 
which the lever pivots. In the 
skeleton every movable joint 
is a fulcrum. All levers are 
moved by effort, which in the 
body is supplied by muscle. 
Lastly all levers carry a load 
of some kind. The levers in 
the skeleton support the 
weight at the body and addi- 
tional loads, such as objects 
carried in the hands. 

A seasaw is a kind of 
lever. In a sea-saw the ful- 
crum. is placed at the centre» 
the loads (in the form of child) 
are placed on either side of 
the sea-saw. The effort (force) 
applied on one side is trans- 
mitted as load on the 
other. In Fig. 5098 shows 
similar type of lever in the 
human body. The fulcrum is 


the atlas vertebra, and upon this point the head ( load) is moved 


by the neck muscles (effort). 


—————— HG CC 
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A wheel barrow is another example of a lever system. The 
fulcrum (wheel) is at one end of the lever, and the load ( objects 
carried in the barrow) is between the fulcrum and the effort 
(force needed to lift the barrow by its handles). Figure 
5c98B shows this kind of lever system at work in the skeleton 
"when a person stands on the tip of the toe. 

Figure 5c.98C shows another type of lever in which the 
effort is applied between the fulerum and the load. Elbow joint 
is a similar example in the human body. 

5c'53. Movements in Man : 

Almost every movement ( such as walking, swing, etc) which 
Éwe carry out are applications of the action of group of muscles, 
the examples which are presented below are the detailed muscular 
cand mechanical analysis of the more common body movements. 

Walking of man: In animal kingdom only man has the 


——- 
Fig. 5c'99, Posture and position of thighs and legs during walking. 


Tig. D 100, Position of foot (upper) and foot print shows the sonon ot SON 


+ 1 heel and toe (lower). ^ 
« 


^ 
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capacity to walk or run by his or her two legs. Thus the locomo- 
tion in human is known as bipedal locomotion. 

Walking is the simplest form of human locomotion and is 
probably the most efficient act in which the human body is engaged 
in putting the body forward out. of balance, while supporting it 
upon one leg forward to take over the supporting function. This 
process is repeated in every step and is assisted by arm swing 
(arms movement), good postural adjustment and use of gravity. 

During walking the movement of the trunk does not occur and 
the backbone remains fairly rigid. One leg, called supporting 
leg, support the body while the other leg, called swinging leg, is 
subjected to the changes so that it touches the point ahead. 
Forward thrust is generated in the hind limb and during power- 
stroke, the hindlimbs move slightly backwards in relation to the 
body. As one hindlimb is withdrawn from the ground, the whole 
body slightly move anteriorly (forward) and rests on the other 
(fig. 50°99). In the next step, the flexed limb is extended so that the 
heel now touches a new Position on the ground, and contraction of 
the gastrocnemius muscle helps the toe of the foot to grip the 
ground (fig. 5c'100). Similar movement then occurs in the other 
limb and alternate movement of both limbs thereby helps in 


locomotion. During walking, alternate swinging of the arms helps 
to maintain the body balance. : 


Running: The activity of the limbs remain more or less 


similar during tunning but heels of the feet never touch the 
' ground. 


Role of muscle during movements: (a) During walking only 
a few (main) muscles are involved e. i 
(1) The flexor muscles of leg n flexors of toes and the 
posterior tibial muscle |—Contraction.of these muscles cause - uplift 
of toes. : 
. (ii) The flexor muscle of thigh—(Hamstring muscles, the bicep 
muscle)—Contraction of these muscles cause the bending of knee 
joints (fig. 5c 101). y Ier ue : ? 


* 
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(iii) The gastrocnemius muscle : Its contraction raise the:foot. 
from the ground and swings in air. 


d 


Fig. 50'101. Diagram showing different leg muscles : anterior (A) and 
*posterior (B) involved during locomotion. 


(iv) Quadricep femoris—Contraction of the muscle causes 
extension of knee joints. 


SUMMARY 


Locomotion is a characteristic of animals, although there are some animals 
. which are devoid of locomotory power in the adult stage, Simpler forms of locomo- 

tion is found in the unicellular animals which have no special locomotory organ. 
‘These are protoplasmic modifications in the form of organelles, known as pseudo= 
podia, cilia, flagella, etc. In multicellular animals specialized locomotory organs of 


different types have been formed to perform different types of locomotions:in the 
varied groups of animals, 


Locomotion in terrestrial’ environment is being performed by various types of 
organs suited to move on the hard surface, In aquatic environment also similarly 
different types of organs are seen. Fish is primarily adapted to aquatic environment 
and is perfectly suited to this medinm. The segmental body muscles on either. side 
of the vertebral column play the key rola in swimming. Besides, the fins also act 


as accessory, important organs in the different fits of locomotion, Swim-bladder of 
. fishes is said to have mainly hydrostatic function. 


_ Amphibious animals like toads, although Iand-dwellers, still the larval stage is 
aquatic, As such, the larva is provided with aquatic locomotory organs like gills, 
Ma te adult is provided with terrestrial locomotion like quadrupedal walking 
~ and leaping. ; 
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Movement in the aerial environment is best exemplified by birds ( the pigeon )» 
The fore-limbs turned into a pair of flapping wings in beset with feathers, the 
natures masterpiece. Feathers are no where seen in the animal world, excepting 
the birds. Volant adaptation, is a double adaptation as such birds are also provided 
with some sort of bipedal locomotion for walking on the hard surface, as also 
for perching, In Human and other higher vertebrates elaborate locomotory system 
which depend On the co-ordinated activities of three types of tissues. These are, 
(i) Bone, (ii) Muscle and (iii) tendons and ligaments. Bipedal locomotion in man 
is characteristic, Alternate stepping during progression is supplemented by 
alternate swinging of the arms to maintain body balance. During running, the 
heels of the feet, never touch the ground. 


Human movement is called bipedal movement because only man has the capacity 
to walk and to ran by his two legs. In this type of movement bones, muscles, 
joints, ligaments, etc. take part, Oontraction and relaxation of muscles cause move- 
ment of joints which in turn helps in body movement, Movements i.e., swing and 
walking help the animal to move forward i.e, help in locomotion. 


THINGS TO REMEMBER 


1, Locomotion is a characteristic of animals, although some animals like 
‘sponges, tunicates, etc, remain as sessile animals in their adult stages. 


2. Simpler form of locomotion is exemplified in unicellular animals where 
different types of locomotory organelles are formed through the modifications of the 
protoplasm of the cell body, particularly the deeper layer of the ectoplasm. f- 

3. The locomotory organelles of protozoa are in the form of qseudopodia, cilia, 
flagella and the myoneme fibrils. A 


4. In lower multicellular forms, certain contractile tissues perform various types 
of locomotory function. 
A 5,’ From flatworms to human, allanimals possess the characteristic musculat 
88ue, that takes a key role in locomotion. 


6. Movement and locomotion play i i : 
play important role in food collection, persons 
security and in finding out sex partners. $ ua 


T. Locomotory devices and the associated i t 
organs aro different in differen 

XU prie) ie., on land (terrestrial), in water ( Vet ) and on the air (volant). 
rimariy ads otion in aquatic medium is best exemplified by the fish, which i8 
y adapted to aquatic life, The segmental muscles of the body on either side 


of the vertebral colum: 1 
contraction and Pedo ag wave-like undulations throngh their alterna 


9. The wavy undulations on reaching ihi 
e tail for-surface 
each creates a force to drive the animal jr B 
diis n f The paired and unpaired fins take accessory roles in locomotion to deter- 
m eu maintain buoyancy and other functions, 
Ai itp ^ir dass dl in fish is hydrostatic in funetion. Birds aro best ndapted 3 
bio dede are provided with a pair of wings beset with foathers, the natures 
12, Different sets of muscles are attached wi i 
th the wi hich operate in a 007 
ordinated way during flight to control and continue the flight. ang 
uM Flapping ( normal ) flight and sustained flight are the main two types of 
14. Birds are provided with double-adaptati d. Bipedal 
Jocomotion is performed for walking and gov ^S cos ss 
15. Bipedal locomotion is the characteristic of man. Bones, the musoles, 
ligaments and tendon take part in the process, f 
16. An efficient locomotory system is present in man. 
: " on MES Werder is called a bipedal animal. 
. Bipedal locomotion is the locomoti w Hom 
one place to another place by his two fee eee mm 


19, Synovial joint is the freely movable joint in the skeleton eg. tho elbow. 
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REPRODUCTION 


LÀ. 


Syllabus: Asexualand sexual— differences only ; units of sexual reproduction ' 
iso—, aniso—and oo-gamous ; outline of the process of fertilisatlon—union of - 
gamotes leading to zygote formation. General idea about alternation of generations 
(Ont line only ). Mention one example plant and one in animal, 

Introduction : 

Reproduction is one of the most important characteristics of the living 
organisms, By this process they can reproduce new individuals like ownself in order 
to keep the continuity of the species and also to increase in number. It is 
absolutely necessary for the multiplication and perpetuation of a species, Thus, the 
process of reproduction is an essential property of life. Reproduction in animals ig 
a broad term, not confined to the more sense of multiplication. It is, in fact, a 
biological dictum, a natural prophecy to represent the self in a newer and herital. 
conformity. 

Life, as any other delicate piece of machinery has wear and tear which should be- 
replaced, The duration of life in each organism is limited, yet a species does not- 
usually become extinct after its usual span of life, This is possible due to the. 
unique ability of organisms to produce young that has similar characteristics, 
This process of generation of new individual with similar characteristic from 
part of its own body is called reproduction, It is the basic characteristic of life, 


5e54. Definition of Reproduction : 

ae ability of living organisms to produce more organisms. 
exactly like themselves is referred to as reproduction, 

£ce'55, Significance of Reproduction : 

1. Living organisms increase in their number through. 
reproduction and maintain the racc. 

2. Through reproduction living organisms maintain the: 
continuity of the generation. 

3. The existance of living organism in the earth will be 
endangered if they are incapable of reproducing new ones. 

4. Through this process balance of living world is maintained. 

5. Due to sexual reproduction accumulation of new characters 
takes place in the progenies, whereby variations occur in the 


‘species. This type of variation helps in the evolution of the living 
organisms. 
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REPRODUCTION IN PLANTS 


There are three principal types of reproduction noted in plants 
eg. Vegetative reproduction, Asexual reproduction and Sexual 
reproduction. Besides the above three processes, plants may also 
Teproduce parthenogenetically. 

5c'56. Vegetative reproduction : 

The-reproduction by which daughter plants are produced simply 
from the vegetative parts of a plant is called vegetative reproduction. 

Vegetative reproduction is also called as vegetative propagation 
‘or multiplication and is basically a special type of asexual 
reproduction. In bryophytes and vascular plants ( pteridophytes, 
gymnosperms and angiosperms ), a portion may get detached from 
the parent plant and the detached portion under suitable 
‘conditions gives rise to a new individual which refers to 4 
vegetative propagation. The vegetative reproduction occurring 
‘extensively in almost all groups of plants is a natural phenomenon 
but in case of higher groups of plants this method can also be 
||. done artificially by human being. Vegetative propagations are 
adopted in those flowering plants which does not produce seed to 
maintain the desired genetic pattern, generation after generation. 
The following are the methods by means of which vegetátive 
reproduction takes place in plants. 


Fig. 507102, A, Band O: Binary fission in yeast. 


é+ A, Natural methods of vegetative reproduction : 
|E 1. Fission: Unicellular plants when reproduce simply by cell 
division is called fission (Fig. 5c102 ; 5c103 ) Fission may be 
either?hinaryi or multiple. 
(a) In binary fission two daughter plants are produced from f 
single plant €g. Cosmarium, yeast, bacteria, etc. During this 
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process the nucleus of the cell divides by means of mitosis into 
two nuclei. After that a constriction appears in between the two 
nuclei which gradually deepens and finally divides the cytoplasm: 
of the cell forming two separate daughter cells, from each of 
which new individuals are produced. (b) In multiple fission, a 
plant by repeated divisions gives rise to numerous daughter plants 
eg., Gloeocopsa (fig. 5c'103', Protococcus, etc. í 


Fig. 59103. Multiple fission in Gloeocapsa, Fig. 50104. Budding in yeast. 


2. Budding: Unicellular plants like yeast when develop one or 
more bud-like outgrowths from any portion of their body surface is 
known as budding (Fig. 5c°104). These outgrowths increase in size 
and ultimately get detached from the mother cell to become new 
individuals. During this process the nucleus of the parent cell 
divides forming two nuclei. One of which enters the bud and the 
other remains with in the parent cell from which the bud is 
produced. The originated bud gradually increases in volume and 
gets separated from the parent cell by means of constriction at the 
point of attachment. This method of outgrowth formation is 
called budding. A chain of cells may often be produced as a 
result of budding in yeast, a kind of unicellular fungus. 


3. Fragmentation: The process of breakdown of a multicellular 
plant body into a number of portions is called fragmentation. | In 
certain multicellular filamentous algae, a portion of plant body gets 
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detached and the same by reorganization of lost parts gives rise to 
new individual. Fragmentation is a common method of vegetative 
propagation observed in Oscillatoria (fig. 5c'105), Spirogyra, etc. 


This methed of reproduction is also noted in Bryophytes and: 


Fig. 50105. Regeneration in Oscillatoria (A & B). 


Pteridophytes. Each fragmented parts formed due to fragmentation: 
is called hormogonium, which by means of cell division gives rise 


to a new plant. 


4. Gemmae: In certain liverworts like Marchantia, specia- 


Fig. 50106. Gemmae in Marchantia. 


5. Amylase stars or Starch-stars : 


lized multicellular structures are 
produced called gemmae ( singe 
gemma ) developed on the thallus 
for the purpose of vegetative 
propagation (fig. 5c'106). They 


are formed within cup-like 
Structure called gemma cup 
and often after detachment 
from the mother plant develops 
into new individuals. 


Amylase stars are star- 


shaped mass of celis, densely filled up with starch grains, which 
develop from the lower nodes and on germination directly 
develop into new individuals. This is noted in a green alga like 


Chara. 


6. Bulbils : In Globba bulbifera, garlic, etc. some lower flowers 
of inflorescence undergo modification to become small multicellular 
bodies known as bulbils. Bulbils often being detached from the 
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parent plant, falls on the ground and on germination give rise to 
new. individuals, In Dioscorea sp. bulbils are produced in the leaf 
axil In Oxalis sp. (wood-sofrel), 
quite a good number of bulbils 
in the form of small buds are 
noted on the top of the tuberous 
"adventitious roots. These bulbils 
can easily break and finally 
develop into new plants. 


ir 


bulbii 


7. Leaftip: Certain ferns . 
like Adiantum caudatum (walking — yiia 
oit ^ Fig. 5e'107. Reproduction by 
fern) propagate vegetatively by bulbil in Globba. 
the help of their lcaf-tip. When the leaf bends down and touches 


Fig. 5e'108. Reproduction by leaf-tip in Adiantum caudatum, 
the soil, the tip establish roots and later on forms a bud, which 
grows into a new individual. 
8. Adventitious buds: In Bryophyllum, Crassula, etc. a series : 
of adventitious buds formed on the leaf margins, which usually 


..» Fig. 5c°109. Roproduction by adventitious 
Yide z "buds in Bryophalum. zy 


Biology (u)—9 


Fig. 5c'110, Reproduction 
by.tuberoue roots in Dahlias - - 
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develop into new individuals. In case of plants like Kalanchoe 
verticillata, adventitious buds develop only near the leaf apex. 
Similarly adventitious buds are also produced in the roots of plants 
like Ipomea batatus (sweet potato ), Trichosanthes dioica (B. Palwal) 
to serve the same purpose. 


9. Tuberous roots: Asparagus ( B. Shatamuli ), Dahlia, ete. 
want vegetatively by means of tuberous roots ( adventitious 
roots ). 


10. Underground stems: Many herbaceous flowering plants 
by means of underground stems reproduce vegetatively, €8- 


Fig. Sell. Reproduction by underground stems : (A) Ginger, (P! Pm 
and (C) Onion. M 


Rhizome of ginger; Tuber of potato ; Bulb of onion, 
corm of Amorphophallus (B. 01), Buds are produced on them, 
gradually give rise to new plants, j 
<11, Sub-aerial stems: Subaerial stems of some plants which 
-grow either along the soil or water surface produces daughter 
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plants, which on detachment from the parent plant develops into a 
new plant e.g., Runner of Oxalis ( wood-sorrel ), Centella ( Indian 


Fig. 8c'112, Reproduction by sub-aerial stem in Centella. 
penny wort), Offset of Pistia ( water lettuce ) ; Stolon of Mentha, 


Fragaria (strawberry); and 
Sucker of Chrysanthemum. 

12. Reproduction in banana : 
Banana plant can only repro- 
duce vegetatively by means of 
smaller shoots called sword 
suckers that develop from the 
underground stem, it has almost 
lost the power of reproducing 
by seeds. 

B. Artificial methods of 
vegetative reproduction: The 
artificial methods of vegetative 
propagation are also of various 
types and some of the important 
methods are described below: 

1. Cuttings: It is the most 
common artificial method of 


Fig. 50'113. Reproduction in 
banana by the formation of 
sword sucker, 


vegetative reproduction adopted by man. Mature stem of a plant 
bearing nodes and lateral buds can be cut and planted in moist 
soil. After few days the cutting becomes a new individual as it 
develops roots at the burried end and adventitious buds at the 


other. Sugarcane, rose, china rose, Moringa (drum-stick ) 
, 


are raised by stem cutting, 


etc. 
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"Nlow'a days root formation is stimulated by the treatment of 
alu ^ yi the hormone Indole acetic 
í acid (IAA). The other 
growth promoting subs- 
^ tances used are Indole 
Jaon butyric, acid (18A) and 
Naphthalene acetic acid 
jw (NAA) The cut ends of 
Wig 5c114. Cuttings, | the stems, and roots on 
being treated, with growth. promoting substances either in dilute 
solution or in the form of powder mixed up with ineri material 
produce root very quickly when planted jn the. moist soil, New 
plants like lemon, fig. ipecac, etc. can be raised. from root cuttings. 
2. . Layering : In this method, the lower branch of a:plant i$ 
bent down and kept below moist soil, Roots develop at the burried 
region of the branch after few weeks when it is cut out. from the 


ey 
hee 


EN 


Fig. 5c'116, Layering, Fig, 50116. Grafting: 


| Lemon, jasmine, grape vine, etc. can be propagated by layering: 

(a) > Simple layering : In case of simple layering the branches 
of. plants are bent to the ground. By the help of small twigs that 
branch is attached to the soil. After that the bent portion of the 
branch is covered by means of soil. The tips should remain 
| exposed. ' Roots)will develop and the'branch is cat off, placed dn 
the soil to develop new plants eg. Lemon, Rose, China rose, etc 


| . parent plant and grown separately. Regular watering should be done- 
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(b) Mound layering : In^case of mound layering a plant is 
pruned back so that it can produce new shoots near the ground. “By 
the help of soil the base of the plant is covered... The newly 


Fig. 50117. Diagram shows : (A) aserug (B) Gootee and (0) Grafting. 
developed shoots will produce roots. After that the shoots are cut 
off from the original plant and planted in the soil to produce new 
plants. e.g., Apple, Gooseberry, etc. 

(c) . Air layering or Gootee : Ín case of air layering or gootee 
a branch of a flowering and fruiting plant is injured carefully either 
by girdling or by cutting part way through a sharp angle. After 
that the wounded part of the branch is covered by means of cow- 
dung, manured clay soil and hay or hessian. Frequent watering 
should be done over the covered portion. After a few weeks roots 
will develop. The branch is next cut off and planted i in the soil to 
produce new plants e.g., Mango, Guava, Litchi, etc. 

3. Grafting: Grafting consists of growing a cut piece of one 
plant ie, Scion over the cut branch of another rooted plant i.e., 
stock. The process of cutting of one plant (scion) is then 
attached to the stock or root stock is called grafting. After a few 
days the cut ends of two different plants (of the same species) fuse 
by their tissues to become a single unit. The fused unit starts 
forming shoots and grows into a new plant. In mango, litchi, guava, 
etc. grafting is adopted for preservation of characters, originally 
Shown by the scion parent. After the grafting is done the portion 
is covered tightly to hold the stock and scion firmly. 
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4. Budding: Budding is a special type of grafting. In this. 
case a shield-shaped piece of bark bearing a single bud is used as. 
scion, which is placed in a T-shaped cut done in the bark of the 
stock. Other procedures are like that of grafting. 


5c'57. Asexual reproduction in plant 3 
The reproduction when take place by means of unicellular units 
called spores is called as asexual reproduction. The spors are 


Fig. 50'118. Reproduction 
byzoospore in Vaucheria, 


produced within a sac termed sporan- 
gium. The spores ultimately develop 
into new individuals without under- 
going any union. They may be either 
motile or non-motile. The motile 
spores called zoospores are provided 
with cilia or flagella which can swim 
freely in water e.g., Ulothrix, Vaucheria, 
etc. The non-motile spores are devoid 
of cilia or flagella which are commonly 
found in terrestrial plants. All the 
spores produced by a plant may be 
either similar or dissimilar. The 
plants producing similar spores are 


said to be homosporous eg, Lycopodium, Dryopteris, etc. While 
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Fig, 50'119, Homosporous plant : Dryopteris (t.a, of frond showing 
sporangium and spores), 
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the plants bearing dissimilar spores are said to be heterosporous 
e.g, Selaginella, Marsilea (B. Sushni) and phanerogams (gymno- 
sperms and angiosperms) in general. In the heterosporous plants. 
“the smaller spores are called microspores and the larger ones are 
termed as megaspores. 


The various kinds of reproduction in plants may be represented 
by the following scheme :— 


Reproduction in plants 


Vegetative Asexual Sexual- Special 


REI ML 


| | | 
Fission Budding Rege- Vegetative 


| neration propagation 
| 
| { Partheno- 
Binary Multiple genesis 
| rie By spores ; 
Natural Artificial spores may be 
| bes motile or non- 
By gemmae, leafctip motile and 
amylase stars, homospores or 
adventitious buds, tuber- heterospores. , 
ous roots, underground B 
stems, sub-aerial stems 
and bulbils 


——————— 


| l | 
Cutting Layering Grafting 


P? \ Conjugation 


| | 
Isogamy Heterogamy 
Parthenogenesis ( Gr. parthenos, virgin ; genesis, birth ): The 
speeial type of reproduction in which the egg (female gamete) of an. 
organism develops into a new individual without: undergoing amy: 
union is called parthenogenesis, Examples—Spirogyra, Mucor, eto 
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Table No. SR'1 


"Differences between Vegetative and Asexual Reproductlon 


Asexual Reproduction 


This type of reproduction 
occurs only i in the plants. 


In this method new daughter 
organisms are produced 
from the already existing 


“forms. 


This process takes place 


mainly through cell division. 


Meiosis does not occur 
before or after vegetative 
reproduction. 


Vegetative reproduction 
takes place both by means 
of natural and artificial 
methods. 


1. 


This type of reproduction 
takes place in both plants 
and animals. 

Asexual reproduction takes 
place by the help of asexual 
reproductive units called 
spores, produced within the 
sporangium formed by the 


'; parent plant. 


Spore is the unit of asexual 
reproduction and takes 
place only through spores. 

This process takes place 
before the formation of 


| spores through meiosis. But 


meiosis does not occur in 
the animals. 

Asexual reproduction takes 
place naturally. 


ham A CN NISL MEN 


5e'58 Sexual reproduction in plant : 


Sexual reproduction in plants takes place by the union of 
unicellular units called gametes, Motile gametes are called  plano- 
gametes (e.g., gametes of algae, bryophyta, pteridophyta, etc.) and 
non-motile gametes are called aplanogametes (e.g.) gametes of 
Spirogyra, etc.). The gametes are produced within a sac known as 
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gametangium. In fact, two gametes fuse together to form a 'diploid 
zygote and the zygote ultimately on germination gives rise to a 
new plant. The sexual reproduction is mainly of two kinds— 
(A) syngamy and (B) conjugation. 


Mega. pore 
Megasporangiui 
Megasporophyll 


Fig, 60190. Heterosporous plant: Selaginella (l.s. of cone) showing 
microspores and megaspores within microsporanglum and 
megasporanglum respectively. 


(A) Syngamy: The method of sexual reproduction is called 
syngamy when two cells of opposite sexes fuse permanently. It may 
be either isogamy or heterogamy. In isogamy (Gr. iso, similar ; gam, 
marriage) fusion takes place between two identical gametes (iso- 
gametes) to produce zygote (zygospore) e.g., Ulothrix. While in 
(heteros, different ; gam, marriage) union of dissimilar gametes 
heterogamy (heterogametes) takes place to yield zygote (oospore) €g. 
Volvox, Of the two heterogametes, the male gamete, called sperm or 
qntherozoid. is smaller but active and the female gamete known as 
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ovum or egg is larger but passive. In oogamy one of the gametes 
is small, flagellate and motile while the other one is large non- 
flagellate and non motile. The 
motile flagellate gamete is the 
male gamete and is called 
antherozoid or spermatozoid. 
The non-motile larger female 
gamete is called egg or ovum 
or oosphere. Antheridium is 
the cell within which anthero- 
zoids are formed. Archego- 
nium (when multicellular e.8., 
Bryophyta, pteridophyta) is. 
the cell which produces egg 
and the cell when unicellular 
Fig. 50121. Isogamy in Ulothrie showing is called oogonium e.g., algae, 
ihe smi of two motile fagillated fungi, etc. In case of oogamy 
g zygote A, B, O& D. 

3 the zygote is called as the 
oospore. Heterogamy is referred to as fertilization in bryophytes 
and vascular plants. After fertilization oospore gives rise to 8. 


Fig. 50°122. Heterogamy in Volvox showing the formation of oospore after 
an active motile sperm unites with a large passive egg. 


multicellular structure called embryo which ultimately develops 
into a new individual. 

(B) Conjugation: It is the temporary union of two' cells 
belonging to two different individuals of the same species. However, 
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fusion of protoplasts of the conjugating cells is permanent. During: 
this process one gamete moves through the conjugation tube and 


Vegetative cell 


Zygospore 


Fig. 50'123, Conjugation in Spirogyra, 


unites with the other to form a zygospore (2n) Conjugation is. 
commonly found in Spirogyra, Mucer, etc. 
Table No. 5R'2 


Asexual reproduction 


Differences between Asexual and Sexual reproduction. 
SCREEN MESE SEEN IIT VIV TEA, TD ONL er Lean 


Sexual reproduction 


6. 


Spore formation takes place 
for asexual reproduction. 


Spores are of two types— 
large and small. 


Development of spores take 
place within the anther and 
the ovule. 


Germination of spores results 
in the formation of gameto- 
phyte ( haploid plant ). 


Development of a single 
spore takes place within the 
ovule. 


Zygote formation does not 
take place. 


Seeds are not formed. 


Two types of plants are 
produced from the spores. 


5. 


co 
s 


Gametes: are formed for 
sexual reproduction. 


Gametes are of two types— 
male and female. 


Development of gametes 
take place within pollen: 
grains and embryo sac. 


Union of gametes results 
in the formation of zygote 
and ultimately to sporo- 
phyte (Diploid plant — 2n). 
Development of a single 
female gamete takes ae 
in the embryo sac. 

Zygote 
place. 


Seeds are formed. 


One. type of plant is pro- 
duced from the gametes. 


formation takes 
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Table No. 5R'3 
Differences between Conjugation and Fertilisation. 


ee e e Ier ti t ——— 


Conjugation Fertilisation 

1. This process is a simple | 1. This process is a complex one 
one which takes place by and is noticed in the higher 
the formation of conjugating organisms and in a few lower 
tube and is noticed in the organisms. 
lower groups of organisms. 

2. Formation of conjugation | 2. In this process no conjugation 
tube takes place between the tube is formed. 
conjugating living organisms. 

3. Zygospore results due to | 3. Zygote results. due to the 
the union of the gametes in union of the gametes during 
this process. this process. 

4. The, gametes . uniting ,in|| 4.. The gametes uniting in this 


this process though being 
physically different in 
nature, are morphologically 
similar. 


process are sexually opposite 


‘in their physical and mor 


phological nature. The 


female gamete is fertilized by 


the male gamete in the repro- 
ductive organ of the female 
body everytime. 


uu mu c DOdyeveryume 9 .  —— 
@ Structure of a flower: A flower has four different kinds of 
parts. ‘Sepals are the outermost part of a flower enclosing, 
other: floral parts. Sepals are of green in colour having close 
resemblance with the leaves. The petals are present above it. The 
` petals may be either coloured or white. Stamens are highly 
modified structure. It is the male reproductive structure consisting 
of a slender elongated stalk called the filament with an expanded 
structure at its tip, the anther. The anthers bear pollen mother cells 
producing pollen grains. Then comes pistil the female reproductive 
structure. This consists of a sticky stigma, a slender style; and an 
enlarged base, the ovary. Ovary contains ovules attached by short 

stalks. = 
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@ Pollination : The transference of pollen grains from the anther 
of stamen to the tip of the stigma of gynoecium is called pollination, 
After falling on the stigma the pollen grain germinates due to the 
influence of stigmatic fluid. Before pollination, the pollen. grains 
within the anther, (pollen sac) undergoes division to produce two 
unequal cells, of which the larger one, is called vegetative cell or 
tube cell and the.smaller one is called.as generative cell. In. this 
two celled condition pollination occurs. In some species the . 
generative cell divides again to form two male gametes before the 
pollen grains are liberated. 


@ Germination of pollen grain and course of pollen tube and 
formation of male gametophyte :- The pollen grains in two celled 
condition after falling on the tip of stigma swells after absorbing 
the fluid of the stigma. The. inner wall of the pollen grain called 
intine comes out through a germ pore (present on the outer wall— 
exine) to form a small tubular structure called the pollen tube. 


The pollen tube after that continues to elongate and makes 
its way down the tissues 
of the stigma and 
style ( Fig. 57124). It 
then enters through the 
micropyle of the ovule 
and reaches the nucellus 
tissue of the ovule. In the 
meantime the generative 
nucleus, if it is not 

divided at an early stage, 
divides to form two male 
gametes, by mitosis. The 
Pollen tube next pierces 
through the nucellus 
tissue and comes in con- Fig, 50124. Germination of pollen grain 
tact with synergids. Due. -. forming male gametes (sperm nuclei ). 


ito. the degeneration of synergids the pollen tub. enters within the 
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‘embryo (synergids are not essential for fertilisation) sac. Ultimately 
the tip of the pollentube bursts liberating the two male gametes 
within the embryo sac. 

When the pollen tube with its two malé gametes and a tube 
‘nucleus, enter the ovule through the micropyle, then it is known 
as porogamy. When the pollen tube enters round about way 
through the chalaza then it is called chalazogamy. In some cases 

. the pollen tube enters the ovule through the integuments, this 
condition is called mesogamy. 


50°59. Formation of female gametophyte : 


Within the ovule or megasporagium of ovary out of the four 
qnegaspores produced, one is functional, which finally gives tise to 
the embryo sac or female gameto- 
phyte by nuclear divisions. 

Generally 8 nuclei are pro- 
duced within the embryo sac, 
and from which 7 cells are pro- 
duced. The three nuclei which 
lies at the micropylar region of 
the embryo sac forms the egg 
apparatus. Of which the middle 
largest one is called oosphere oF 
egg or ovum, and the other two 


Tig. 50'125, Female gametophyte : naked cells are called synergids, 
Development of eight nucleated situated on either side of the 
embryo sac. 


egg. The remaining three nuclei 
atthe chalazal end taking cytoplasm surrounded by cellulose wall 
to form the antipodal cells or antipodals. Two nuclei called polar 
nuclei lies in the centre of the embryo sac, which later on fused to 
form the secondary or definitive nucleus (2n). 

5c'60. Process of fertilisation : 

Out of the two male gametes coming from the pollen tube, 
one of which fuses with the egg cell or ovum or oosphere to form 
a zygote or oospore (2n) This process of union between the 
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male gamete or sperm nucleus and egg Or oosphere is called 
fertilisation. Another male gamete (n) fuses with the definitive 
nucleus or secondary fusion nucleus to form a triploid (37) endos- 
perm nucleus. In the meantime the tube nucleus degenerates. As 


ET ; Ovule 
lefinitiye nucleus 


Synergids~ = 
za 


d 


5. Male gametes £y" 


Fig. 50'126. Diagram shows the process of fertilisation in an angiosperm, 
three haploid nuclei fuses to form the primary endosperm nucleus, 
hence it is also called triple nucleus fusion, 

The zygote divides to form ultimately the embryo, the life of 
the future plant and the endosperm nucleus by repeated divisions 
give rise to the endosperm. 

Thus in angiosperms, fertilisation takes place twice—in the 

: first, one of the male gametes unites with the egg cell and in the 
other, another male gamete unites with the diploid secondary 
fusion nucleus. Hence, this phenomenon is known as double 
fertilization. 

® Changes in the ovule after fertilization : 


The ovule by chemical changes forms the seed and the two 
integuments of the ovule forms the seed coats ( testa and tegmen ). 
The micropyle of the ovule remains as the micropyle of the seed. 
The endosperm and nucellus are completely absorbed by the 
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developing embryo. Sometimes somé'portion'of the nucellus is 
retained outside the endosperm as perisperm. The definitive 
nucleus of the ovule forms the endosperm, the nutritive tissue of 
the seed, supplying food for the young embryo. 


SUMMARY 


The living process by means of which a living organism produces new individual 
like itself in order to keep the continuity of the species and also to increase in 


KR 


number is called reproduction, Reproduction is very necessary for the multiplica- 


tion and to maintain the race, Thera are three types of reproduction noted in 
plants— Vegetative, Asexual and Sexual, Vegetative reproduction is a very natural 
phenomenon, but in case of higher plants it can be done artificially. The natural 


methods of vegetative reproductions are—Fission, Budding, Fragmentation, 


Gemmiae, Amylase stars, Bulbils, ete; he artificial methods of vegetative 
reproductions are—Cuttings, Layering, Grafting, and Budding. Asexual reproduc- 
tion takes place by the formation of unicellular units called spores which are 
formed within | spore-sae called ' gparanglum, Sexual reproductive: units are 
called gametes, During which union of gametes (sperm and egg) takes place 
to form the zygote (2n). Sexual reproduction may be ‘isogamous, anisogamous oF 
cogamons, The process by means of which a male gamete unités with an egg or 
oosphere to form a zygote is called fertilization, In, case of angisperms double 
fertilization also noted, where a male gamete (n) wnites with the diploid secondary 
fusion nucleus or definitive nucleus (2n) to form an endosperm nucleus (32). 
This is also known as triple fusion nucleus, 


HOR Di 


THINGS TO REMEMBER 


1, To give rise to young individual like itself is called reproduction. 

2, Reproduction in plants are of threo types—vegetative, asexual and sexual. 

8 Daughter plants produce simply from the vegetative parts—colled vegetative 
reproduction, f 

4, Natural methods of vegetative roproduction—Fission, Budding, Fragmenta- 
tion, Gemmae, Amylase stars, Bulbils, Leat-tip, Adventitious buds, Tuberous roots, 
underground stems, sub-aerial stems and by means of sword suckers in, case of 
banana. 

5, Examples of vegetative reproduction—Fission takes place in Cosmarium, 
Bacteria, yeast ete; Budding takes place in yeast, Fragmentation takes place in. 


ELEMENTARY IDEA ABOUT LIFE PROOESSES 50145 


Oscillatoria, Spirogyra, etc, Gemmae in Marchantia (a bryophyta ); Amylase 
stars in Chara, Bulbils in Dioscorea, Leaf tip in Adiantum ( à pteridophyta ) ; 
Adventitious buds in Bryophyllum (leaf bud ): Tuberous roots in Asparagus, etc. 
6, Artificial methods of vegetative reproduction takes place by means of cuttings, 
layering, grafting and budding. T 
7. Simple layering, Mound layering, Air layering or Gootee are the different 


methods of layering. 


8. Spores are the asexual reproductive units produced from the spore mother 


cells by meiosis with in the 


sporangium. They can develop directly into a new 


individual without undergoing any union. 


9. Flagellated spores are 
called aplanospore. 


called planospore and non-flagellated spores are 


10. When a plant produces similar types of spores called homosporous, eg. 
Lycopodium. But when a plant produces dissimilar spores ( smaller male type of 
spore microspore and larger í emale type of spore megaspore) called heterosporous ege 


Selaginella, Marsilea. 


il. Sexual reproduction in plants takes. place by the fusion of unicellular 


sexual units called gametes, 


19. The method of sexual reproduction where two dissimilar gametes fuse called” 


syngamy, the process termed 


as fertilization. The product of the union of two 


dissimilar gametes is called zygote (2n). 


18. When fusion takes place between two identical gametes then the process is 


called isogamy, and the gamete 


s are called isogametes. 


14. When fusion takes place between two dissimilar gametes then the process is 
called anisogamy and the gametes are called anisogametes. 


15. In case of heterogamy, the male gamete, called sperm or antherozoid is 
smaller but active and the female gamete known 88 ovum or egg is larger and 
passive ; which unites to form diploid zygote in case of fertilization. 


16. When a plant bears 


both the male and female sex organs (ie. male and 


female gametes produced in the same plant ) called homothallic or monoecious. 
When male and female sex organs (i.e. male and female gametes) are borne on two 


different plants) then it is calle 


d heterothallic or dioecious, 


17. Conjugation is the temporary union of two cells belonging to two different 


individuals of the same species. 


In case of Spirogyra aplanogamy takes place due tO 


the formation of a conjugation tube, This process is called conjugation. 


18. In Spirogyra physiological anisogamy is noted, Where the male gamete 
is active and moves towards the non-motile female gamete for fusion. Here, the 


X 
ess 


| gametes are morphologically similar but physiologically different. 


39. _ When gametes fail to unite with each other dmir g sexual reproduction and 
any Une of them after surrounding by means of a wall bebave like an asexual spore 


called parthenospcre, which finally Cevelops intoa new individual eg. Spirogyra, 


Mucor, etc. 
Biology (u)—10 
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REPRODUCTION IN ANIMALS 


C &e61. Basis of Reproduction in animals : 

Cell division is the basis of reproduction. In cell division, the 
protoplasmic content of a cell of a certain individual is duplicated 
and separated. In fact, the metabolic activities formerly done up 
ina single packet is now being done up in two smaller packets. 
Commonly growth follows, and each of the units attains the size 
of the original. 

In unicellular animals the result“ will be two independent (and 
free-living) individual. While in multicellular animals it is 
through such division and growth that the body is built up. In 
such forms, however, with the run of time, certain of the cells are 
detached from the body as free individuals (cells), called germ 
cells or gametes, and thus become starting points of new multi- 
cellular individuals. 

Variety of Reproduction in animals : Reproduction in animals 
may take place in a variety of ways which may be categorised as 
asexual and sexual. However, in»both the processes, as stated 
earlier, cell division constitutes the primary step 


5c'62. Asexual reproduction in animal ; 


In this type of reproduction only a single individual is involved. 


mop 


Euglena 
Os 3i AE 


Fig. 50.127. Asexual reproduction (binary fission) in Zuglena and Amoeba. 


Amoeba 
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In other words, only one parent gives rise to the offsprings that 
look alike. It represents a process of rapid increase in population. 
The following types of asexual reproduction are common in 
different organisms. 

1. Binary fission: This is the most simple type of asexual 
reproduction that constitutes the splitting of the body of the^ 
parent into two more or less equal segments. Each of these 
separates to become a new independent organism. Binary fission 
occurs in most of the unicellular animals (Fig. 5c127). 

2. Multiple fission or sporulation : Organisms such as Amoeba 
(some species), Plasmodium, etc. during unfavourable condition 


Y Pseudopodiospore 


$ = T 


Fig. 50128. Diagram showing A. fission (longitudinal) in Hydra 
and B, (multiple) in Amoeba. 
develop a cyst, within which the nucleus and the cytoplasm of the 
parent cell divides and redivides giving rise to a cluster of cells 
called spores (more specifically pseudopodiospores) ^ When the 
Condition becomes favourable, the cyst wall dissolves and the spores 
being released, subsequently grow into individual organisms. 

3. Fragmentation: The body of flatworm and . Hydra 
Sometimes break into several pieces and each of these pieces then 
Tegenerates the missing parts and thus develops into a complete 
Organism. Reproduction of this kind is called fragmentation. 


" Not yet reported ia Amoeba proteus. 
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4, Budding: In this type of reproduction, a small part of the 
parent’s body separates from the rest and grows into an 
independent individual, as in Hydra (Fig. 507129). Sometimes this 
new daughter organism does not separate but remains attached 
with the parent’s body. This type of reproduction is common in 
Sponges. 


Bud 


Daughter 
animal 


Fig. 501299. Budding in Hydra. 


Such asexual reproduction by fission, fragmentation, OT 
budding is also seen in some of the other metazoa. 


It is. by. no means easy to draw a sharp distinction between 9 
colony of intimately associated individuals like Portuguese man-of- 
war and an individual made up of separate organs. The organised 
animals like the segmented worms or the tunicates do reproduce 
occassionally by budding, In metazoa, fragmentation is evident in 
flatworms like Phagocata velata ; each fragment eventually converts 
into a new young animal which repeats the life-history- 


Sex: Volvox and the allied protozoa exhibits through the 
physiological division of labour how sex has originated 2$ animals 


have become more complex. In Volvox only certain members of 
the colony take part in the process of reproduction. These are of 


two types, one, a large, food-laden cell or egg ; the other an active 
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smaller cell or spermatozoon. Thus, in such form of Volvox the 
sexual reproduction of metazoa is fore-shadowed. 


@ Hermaphroditism : In some kinds of animals both the eggs 
and sperms are produced by the same animals. These are known 
as hermaphrodite animals. Excepting certain Cyclostomes and a 
few bony fishes it is unknown in vertebrates except as a rare 
abnormality. 

In earthworm due to the disposition of the reproductive organs, 
through copulation the sperm of one individual can fertilize only 
the ova of the other individual, while in the Hagfish the differential 
maturation of the gametes causes cross-fertilization. 


© Parthenogenesis : By sexual reproduction lapses in some 
species of invertebrates for the time being, when the female 
produces eggs which develop without fertilizalion. This form of 
reproduction is known as parthenogenesis. In certain orders of 
insects, many small crustaceans, various rotifers and many other 
invertebrates, it is a familiar process of reproduction. In Aphids 
the females may produce only females for number of generations ; 
while in the fall of the year males are produced. in various species 
of ants, bees, and wasps (Hymenoptera), both males and females 
are produced. In the bee, the males or the drones develop from 
the unfertilized eggs, while the females (even queens) or workers 
come from fertilized eggs. 

@ Paedogenesis : When young, incompletely developed animals 
reproduce, the process is known as paedogenesis. It may be 
either parthenogenetic (eg. cecidomyidae) or bi-sexual, Various 
parasites, like Liver fluke may reproduce parthenogenetically 
through a series of larval generations. In vertebrates, the axolotl 
atailed amphibian reproduce in the larval stage. This may be cited 
as an example of bi-sexual paedogenesis. 

5c°63. Sexual reproduction: Two different types of sexual 
reproductions are commonly seen in animals. 

(1) Conjugation: It involves the temporary union of two 
individuals belonging to the same species. Reproduction of this 
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kind is found. only in certain Ciliate: protozoans. During such 
union both the individuals, called conjugants, exchange their nuclear 
materials after which they separate out from each other and divide. 
Paramaecium represents the best example of this type of sexual 
reproduction. 


€ Syngamy: It is considered to be the most common type of 
sexual reproduction in animals. In this type of reproduction fusion 
of different cells called gametes, derived from two different 
members of the same species, takes place.’ In syngamy gametic 
fusion takes place completely and permanently. One of the 
participating individual is more active and is called the male. 
While, the other is called the female. In most of the animals 
undergoing this kind of reproduction the sexes are separate where 
the male and the female organisms can be readily recognized by 


Cardiac stomach Sperm duct 


Dorsal abdominal artery 
qiii 


rre eer nnn 


Ventral abdominal artery 
Ventral nerve cord 
Ventral nerve ganglion 


Fig. 5:180. Diagram showing reproductive organs in a dioecious animal 
(Prawn ; male), 


some external characteristics and such animals are called dioecious 
or unisexual. Sometimes both female and male reproductive 
organs are present in a single individual and such animals are 
called monoecious or hermaphrodite or bisexual (e.g. earthworm, 
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leech, flat worm, etc.). Some lower invertebrates although herma- 
phrodite, yet undergo cross-fertilization as either the gametes are 
produced untimely or the gonads (testis or ovary ) are developed at 
different times. 

As for example in some roundworms sperms are produced 
before the eggs and such animals are called protandrous animals. 


5e'64. Structural patterns of sexual reproduction : 


The details of the process of sexual reproduction vary from one 
organism to another, yet the basic mechanism is more or less 
similar in all of them. 


(i) The primay component of the male reproductive system 
is the male gonad or the zestis where sperms or male gametes 
are formed by a process known as spermatogenesis and the sperm 


Scolex end ! 
Male duct (vas deferens) 


Penis 


Male organs (fesfes)- 
many scattered 
clusters of cells 


]-Reproducfive pore 


Female duct (vagina) 
-x Female organ(ovary) 


Fig. 50131, Diagram showing male and female reproductive organs in a 
monoecious animal (flat worm), 


duct through which the sperms are transferred to the exterior. 
Parts of this sperm duct or some adjacent parts of it may be 
modifted for specific function. As for example, in some organisms 
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a part of the duct functions as organ for sperm storage called 
seminal vesicle, However, in human this structure does not store 
sperms, instead secretes a fluid called seminal fluid essential for 
the nutrition, activation and protection of sperms. The terminal 
part of the sperm duct opens into a copulatory organ called penis. 


(ii), The main components of the female reproductive system are 
the female gonad or the ovary that is engaged in the formation of 
ovum or the egg, the process is known as oogenesis and the oviduct 
that transports eggs to the exterior. A part of the oviduct in some 
organisms modified to a muscular structure called uterus for the 
temporary storage of unfertilized eggs and for the development of 
the fertilized ovum within the female body. The terminal part of 
the oviduct may be modified to form a structure called vagina for 
receiving the male copulatory organ. 

The male and the female reproductive organs may or may not 
undergo all the modifications and such modifications are largely 
determined by the circumstances of reproduction. 


5c'65. Fertilization in animals : 

The process of fusion of the nuclei of male and female gametes 
to form a zygote is known as fertilization. The female gamete or 
egg is said to be ‘fertilized by such process. Fertilization takes 
place either in the female body or in the female structures of the 
hermaphrodite animal or in the external medium as in the case of 
certain animals that live permanently in water. In most fishes and 
amphibians, both male and female organisms release their gametes 
in water and fertilization takes place outside the body. This 
type of fertilization is known as external fertilization. 


In insects, birds and reptiles fertilization takes place inside 
the oviduct by sperms deposited in the female reproductive tract 
during mating. In’ these organisms the fertilized eggs form outer 
hard shell by the secretion of the oviduct and development of 
zygote takes place after laying of eggs. 

R In mammals, fertilization of the egg occurs inside the female 
‘Teproductive tract and the fertilized egg is retained in the body 


ELEMENTARY IDEA ABOUT LIFE PROOESSES 50153 


of the female. (inside the. uterus) and develops there to full form. 
Fertilization of this type is known as internal fertilization and 
it provides a protected environment for the fertilization process 
and thus ensures reproductive success. 


According to the development of the zygote, animals may be 
classified in the following ways—(a) Oviparous animals—are those 
which lay eggs that hatch outside the body of the female, e.g, birds. 
(b) Vipiparous animals—generally give birth to offsprings within 
the body of the mother and are nourished by her blood through a 
specialized structure called placenta, as found in most mammals. 
(c) Ovo-viviparous animals—lay eggs that hatch within the mother's 
body but are not nourished by her blood-stream. Certain sharks 
and reptiles (snake; Russel’s viper) are good examples of such 
animals. In mammals, the young after birth are fed on a secretion 
called milk from the mammary glands of the mother and is 
protected by their parents until the offsprings become independent. 


5c66. HUMAN REPRODUCTION : 


Most of the higher animals including human being reproduce 
only by sexual method. The two participants (male and female) 


Wig. 60182. Human reproductive systems—female (right) and male (left), 


in sexual reproduction are morphologically and functionally 
different. One producing the ovum whichis called the female 
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gamete and the other producing sperm which is known as male 
gamete: The reproductive system of man is as follows : 


A. "Male reproductive system: The male reproductive system 
mainly consists of two festis, seminal vesicles, cowper's gland, 


prostrate, urethra and: supporting structures, such as scrotum and 
penis. 


Two testis (male gonads) are small ovoid glands that remain 
suspended ‘within the pouch like structure called scrotum which 
remains outside the body cavities. Each testis incompletely divides 
into a number of pyramid-shaped lobules by connective septa. Each 
lobule contains about 2-3 seminiferous tubules. In between 
seminiferous tubules interstitial cells or cells of Leydig are present. 
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Fig. 50188. Schematic representation ofa vertical section of the pelvic 
region of a human male showing male reproductive organs. 


The seminiferous tubules of the testis produce spermatoza, the germ 


cell or gametes whereas the leydig cell secretes testosteron, the 
male sex hormone. 


Spermatogenesis: It is the process of production and 
maturation of spermatozoa. At first the cells lining the seminiferous 
tubules divide mitotically and give rise to spermatogonia and then 
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to primary spermatocytes. Afterwards by meiotic division they: 
give rise to secondary spermatocytes and subsequently spermatids. 
Finally, on maturation spermatids are tranansformed to sperma- 
tozoa or sperm ie. each spermatogonia fnally produces four 
halploid célis (n) or spermatozoa. 
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Fig. 5c'134. Segment of a testis in section showing histological structures. 


B.- Female reproductive system: The- female reproductive 
system consists of the ovaries, the fallopian tubes (uterine tubes), the 
uterus, vagina and vulva. 


Fig. 50185. Schematic vertical section ot pelvis to show the 
reproductive system of a human female, 
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The ovary is the primary sex organ of the female genital system. 
JThe ovaries are two in number almon-shaped structures located on 
the sides of the lower abdominal cavity on either side of the uterus. 
; They are attached with the outer wall of the uterus by esovaria and 

the ovarian ligaments. It is covered by the cubicát epithelium, 
known as germinal epithelium. Within in the epithelium stroma, 
graafian follicles, corpous luteum, etc. are present. Graafian follicle 
secretes oestrogen and corpous luteum secretes progesteron. Ovary 
also produces the female gamete, called ovum. 

5c'67. Fertilization : 

During copulation semen containing some 100-200 millions 

of sperms together with the secretions of the epididymis, seminal 
vesicle, prostrate, and Cowper’s glands is deposited in the upper 


Fallopian tube 


) A Groafian follicle 
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Fig, 50136, Diagram showing uterus (a part) and one fallopian tube showing 
different events before and after fertilisation—(1) Ovum, (2) Fertilization, 
(8) formation of male and female pronucleus, (4) first meiotic cell division 
and formation of spindle (5) two-cell phase (6) six-celled morulla, 

(7) last-phase of morulla, (8) blastocyte and (9) implantation. 
part of the vagina. The actively motile spermatozoa then 
enter the cervix, pass through the uterus and finally reach in 
the ampulla of the fallopian tube where they come in contact 


ELEMENTARY IDEA ABOUT LIFE PROOESSES 50°17 


with the ovum. The complete and permanent fusion of these two 
dissimilar gametes (the sperm and the ovum) at the upper part of: 
the fallopian tube is known as fertilization. 


(Fertilization does not occur if sperms enter into the 
genital tract of the female before 48 hours or 15 hours after 
ovulation. ) 


On reaching the ovum, the sperms encircle it and a complex — 
reaction takes place between them. It is claimed that lysosomal 
enzymes ( such as hyaluronidase ) in the acrosomal cap of the head 
of the sperms enable them to disperse the cells adhering the 


` Follicle cells - Zona pellucida Spermnucleus 
fos pem) (transparent membrane) 


Fig. 50187. Stagêsin fertilization of a human ovum. 
A. Sperms facing ovum, B. Follicle cells disperse, O. Dissolution of zona 
pellucida, D, Penetration by a single sperm, E, Fusion of 
sperm and egg nuclei, 


ovum. Eventual the head of a single sperm penetrates the 
zona pellucida of the ovum. During such penetration only:the 
head of the nucleus containing the chromosomes enters the ovum 


$0158 A TEXT BOOK OF BIOLOGY 


‘while the tail portion remains outside. As soon as one sperm pene- 
trates the zona pellucida, further entry of other sperm is prevented, 
The male nucleus then enlarges to form the male pronucleus. At 
this time the secondary oocyte undergoes the second meiotic division 
(an equational division ) to form the matured ovum and the second 
polar body. The matured ovum then enlarges to form the female 
pronucleus and subsequently fuses with the male pronucleus to form 
the zygote. 


After fertilization the zygote undergoes rapid cell division to 
‘produce a mass of undifferentiated cells called the morulla which 
then moves downwards and appears in the uterine cavity about 3 
days after fertilization. After reaching the uterus, the morulla us- : 


Fig. 50188. The stages of the development of a zygote leading to the 
formation of a morulla. 


ually remain in the cavity for additional 4 to 5 days during which 
the morulla changes to form the blastocyst. The fertilized ovum in 
the form of blastocyst implants itself on the wall of the endometrium 
‘to. develop into an embryo. 


ELEMENTARY IDEA ABOUT LIFE PROCESSES 50'159 


SUMMARY 


Reproduction is a natural process by which a new individuals with simmilar 
characteristic of the parents are produced from part of parental body. The basis of 
reproduction is cell division. In unicellular animals through cell division young 
independent individuals are produced. In multicellular animals such division is 
followed by growth which built up the body. Reproduction is mainly of two types 
—asexual and sexual, Asexual reproduction occurs through fission, fragmentation, 
budding, etc. ; it does not involvesex. The formation of sex and sexual reproduc- 
tion is foreshadowed in unicellular organism like volvox. Hermaphroditic animals 
have both male and female sex organs and may or may not require a mate for repro- 
duction. Parthenogenesis often occurs when the female eggs develop. without 
fertilization. When young incompletely devoloped animals reproduce then the 
process is known as paedogenesis. 


Sexual reproduction involves sexes which form eggs or sperms. The sperms 
fertilize the ovum leading to the formation of a zygote. Zygote develops into adult. 
Either within the female body ( internal gestation ) as a result of internal fertiliza- 
tion or may be external when the zygote develops outside the female body in an un- 
protected environment, The former animals are known as viviparous and the later 
is Oviparous. Human reproduction includes testis in male and ovary in female. 
Testis produces sperms ( gametes ) and androgen ( testosterone ) hormone and ovary 
produces ovum (gametes) and normally oestrogen and progesterone hormones. The 
union of sperm and ovum is called fertilization which give rise to zygote. 


THINGS TO REMEMBER 


1. Reproduction is the process by which the individual reproduces its own 
kind, 


2, Cell division is the basis of reproduction which is commonly followed b: 
growth. cf 


8, Asexual and sexual reproduction are the two types by which animals 
reproduce. 


4. Asexual reproduction is by and large, the main type of reproduction in 
unicellular animals. 


5. In multi-cellular animals asexual reproduction is freequently found in 
many invertebrates and rarely in vertebrates. 


6. Volvox is a type of protozoa which gives sufficient indication to the formation 
of sex in Metazoa. 


7. Through parthenogenesis the female egg develo 
ps into young indivi 
without fertilization, j jeu 
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8. In Aphids the females produce females for genarations after which the 
males are produced through parthenogenesis- 

9, Paedogenesis is a process in which incompletly developed individual. 
reproduces. 

10. Axolotl is an amphibian Larva which reproduces in the Larval stage. 

11. Sexual reproduction involves male and female sex and the respective 
gametes. 

12, The union of the male and female gametes is known as fertilization and 
it gives rise to the zygote, 

18, Fertilization may be internal or external, External fertilization occurs 
in oviparous and internal in viviparous animals. 

14, Sperm and ovum are two types of gametes of male and female. 


@ GRADED EXERCISE 6 


A. TRANSPIRATION 


A. Long answer type: 

1. What is transpiration 3 Mention the types of transpiration ? Give. 
a brief description about the different types of transpiration. 

2. By what type of transpiration maximum water is liberated from the 
plants ? Which organ takes active role in the type of transpiration ? Describe 
the physiological process by means of which that special organ opens and closes. 

3. Describe the different conditions essential for transpiration. 

4. What are the factors effecting transpiration 7 Discussin brief the 
various factors influencing transpiration. 

5, Describe the mechanism on the opening and closing of stomata, 

6. “Transpiration is a necessary evil” discuss the statement. 

7. Describe an experiment to demonstrate transpriation. 

8. Describe an experiment to show plant-transpiration. . Discuss how 
structure of leaf helps in transpiration. 

9. Describe the stomatal transpiration. How water vapour is formed 
inside the plant cell. 

10. “How di;usion of water vapour takes < place through the stomatal 
pores ? What is the influence of hormone on transpiration ? 

B. Short answer type : 

11. What is the mechanism of transpiration 7 

12, What is hydathode ? 

13. What is transpiration ? 

14, Describe the structure of stomata. 

15. Mention the sequence of events in connection with light-induced 
stomatal opening as proposed by Noggie and Fritz. 

16, What is stomatal and cuticular transpiration ? How much water 
vapour diffuses out in those types of transpirations 7 

17. How transpiration differs from evaporation ? 


18. Write what you know about the idea of Levitt in connection with 
stomatal opening. 


19. Write what you know about the significance of transpiration, 
20, . Write what you know about the internal factors electing transpiration. 
21. How the potassium helps in the opening and closing of stomatal 
pores ? 
Bio. ( 5th.—Q. )—1. 
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C. Very short answer type : 
a. 


By means of what type of transpiration the plant liberates maximum 
water ? 


` 23. Why the stomatal pore opens when the turgidity of the guard cell ' 

sap increases ? ; 

24. Why transpiration is harmful? 

25, Why a cobalt thiocyanate paper turns red when attached on the 
lower epidermis of a dorsiventral leaf ? 

26. Mention the structure through which guttation takes place. 

"97. Why transpiration is harmful to the plant body ? 

28. What is stomatal transpiration 4 

29, What is cuticular transpiration ? 

30, What is lenticular transpiration ? 

31. What is evaporation ? 

32, State how light influences transpiration ? 

33. What is leaching ? 

34. What is exudation ? 

35. State how carbondioxide concentration affects transpiration ? — 


36. Draw and Jabal an exp2rimant to show that plant liberates excess 
water during transpiration, 


D. Distinguish between : 
37. Transpiration and evaporation. 
38. Transpiration and guttation. 
39, Stomata and hydathodes. 

40, Stomatal transpiration and lenticular transpiration. 
41. Stomatal transpiration and cuticular transpiration, 
E. Write short notes on : 

42. © Transpiration, 43. 


Evaporation, 
44, Guttation, 45. Stomata 
/46,. Hydathodes, 47. Guard cells. 


B. PHOTOSYNTHESIS 


A. Long answer type : 

1. Define photosynthesis ? Describe briefly the mechanism of photo- 
synthesis ? In which part of the plant body photosynthasis take place ? ? 

2. What do you mean by carbon assimilation ? Why photosynthesis is 


, called carbon assimilation? Name two major phases of photosynthetic 
reactions, In which phase water splits and how ? 


ELEMENTARY IDEA ABOUT: LIFE PROCESSES iii 


4 


3. What is photosynthesis ? Describe the mechanism of photosynthesis. 
State its signi f.cance, 

4. What is photon? Give an account of two light reactions (photo- 
systems) in photosynthesis. 

5. Write what you know about photosynthetic pigments 2. 

6. Describe in short the components of photosynthesis. 

7. Discuss what you know about photophosphorylation. 

8. Describe the dierent conditions necessary for photosynthesis. 

9, What is photosynthesis ? Describe how photosynthesis helps in human 
civilization ? 

B. Short answer type : 

10. Is photosynthesis is a biochemical procass ? Name the components 
required for photosynthesis. 

11. Role of chlorophyll in photosynthesis. 


12. What are the relation between  chlorophy] and light during 
photosynthesis ?' 

13. Where and when photosynthesis take place ? 

14. What do you know about stroma and Grana ? 

15, What is thylakoid and quantasome ? 

16, State the name and the function of different photosynthetic pigments. 


17. Name the elements by which the chlorophyll are formed. Write the 
chemical formula of chlorophyll-a, chlorophy]l-b and bactariochlorophyll. 


18. What do you mean by photon and photolysis ? 


19. What do you mean by solar energy ? 


How much solar energy is 
utilised during photosynthesis ? 


20. Name the gas which comes out from the plant body during photo- 
synthesis. : ^ 


21, Name the food which is synthesised during photosynthesis. 
22. Write what you know about photo-oxidation of water ? 
23. Mention the site of photolysis. 

Mention the role of chloroplast in photosynthesis. 

25. What are the phases of photosynthesis ? 


_ 26, In which phase sunlight is necessary ? Is photosynthesis takes place 
in bright light coming from 1000 watt electric bulb ? 


27. Dark reactions take place in dark ? Why it is called Blackmann's 
reaction or enzymatic reaction ? 


28. What are the full names of NADP, RuDP, PGAld and PGA ? 
29. In what processes the plant body takes COg and gives out CO, ? 


iv A TEXT BOOK OF BIOLOGY 


30. In what type of plant tissue photosynthesis takes place ? 

31. Where from the aquatic plants derive CO, for photosynthesis ? 

32. What type of process is photosynthesis—anabolic or catabolic ? 

33. What is Calvin Cycle ? Where and when does it take place ? 

34. What is Hill reaction ? 

35. Mention the specific role of ribulose-1, 5-diphosphate in photosynthesis. 
36, What is compensation point ? 


37. What is PSCR cycle ? 


(Phosynthetic:carbon reduction cycle, Calvin 
cycle.) 


38. What issolarization ? (The inhibitory e^?ect of photosynthesis due 
to strong light intensity is called solarisation.) 


C. Distinguish between : 

39. Cyclic photophosphor ylation and Non-Cyclic photophosphorylation. 
40.. Photosynthesis and Chemosynthesis. 

41, Photosynthesis and Respiration. 

42. Photosystem I and Photosystem II. 

43. Hill reaction and Blackmanns reaction. 


D. Write short notes on : 


44. Photon, 45, Hill reation, 46. Phosphorylation, 47. Chemo- 
synthesis, 48. . Bacterial photosynthesis, 49. Quantosome, 50. Fluorescence, 
51, Calvin.cycle, 52. Compensation point, 53. Photosynthetic unit. 

H. Multiple choice questions : l 


54. The photosynthetic organelle is—Chloroplast/carotene chromoplast. 
55. In plant photosynthesis take place in— Green part/roots/Stem, leaf. 
56. The light reaction take place in—Thylakoid/quantasome/stroma. 

57. Photosynthesis is a—Chemical/photochemical process. 

58. The photon of sunlight stimulate— Vitamin/chlorophyll/mitochondria. 
59, Photosynthesis is a—Anabolic catabolic metabolic process. 

60. 


The Calvin cycle take place during—Light phase/dark phase both phase. 
61. Photolysis take place during—Light phase/dark phase. 


62. During carbon assimilation the receptor substance is—ATP/ADP/Ru* 
DP, PGA. 


63. The molecular formulla of chlorophyll-a is—C55H4 05 N4M&/Cs5 
H4905N4Mg. 


64. Sunlight composed of highly energised invisible particles called— 
quanta/quatasome, 


65. The process of esterification of compounds with phosphoric acid 
is calJed—photophosphorylation phosphorylation, 
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C. RESPIRATION 


A Long answer type: 

1. De:ne respiration ? Why respiration take place in living organism ? 
Describs the fundamental type: of respiration which take place in the living 
organism. 

2. Discuss how glucose is oxidised into CO, and water. 

3. What is glycolysis? State its significance in respiration, — Describe the 
process of glycolysis, 

4. Define respiration. How does fermentation difer from aerobic 
respiration ? What is the signi‘icance of respiration ? 

5. Describe the krebs cycle. Why it is called citric acid cycle ? 

6. Describe the cytochrome path ? What its significance ? 

7. How pyruvic acid is oxidized to produce carbon dioxide and water ? 

8. Write in short the different factors e ecting respiration. 

9. What are respiratory organs? Name the respiratory organs found 
in animals with sketches and examples, 

10. State the mechanism of respiration found in the following animals with 
sketches (a) Earthworm and (b) Fish. 

11. What is a trachea ? Describe the respiratory apparatus found in an 
insect and explain the mschanism of gaseous exchange. 

12. Which one is the most eficient organ for aerial respiration ? State 
its development, histology and give neat sketches, 

13. - What is glycolysis? State its Significance in respiration. How does 
gaseous exchange take place in amoeba and in man ? 


14. , Describs the main points of “differance batween photosynthesis and 
respiration, 


15. Describe the mechanism of respiration in toad, 


16. Describs a typical alveolus and explain the mechanism of gaseous 
exchange in it, 


17. What are respiratory pigments? Describa the role of respiratory 
pigment ( focen in human blood ) in the transport of oxygen, 
18. Describe the process of lung breathing in frog and indicate how does 


the frog make air pass into and out of the lungs. Explain how skin helps in 
respiration in f rog. 


19. Describe the structure of respiratory organ ia man, 
20. Describ2 the machanism of respiration (breathing) in man. 


21. What do you mean by external and internal respiration ? Describe 
the different processes involvad in it. 


B. Short answer type : 

22, What is glycolysis? What is the significance of glycolysis ? 

23. Whatis RQ? ? 

.24.. Give a short account of the organs of respiration in plants. 

25. What do you mean by aerobic and anaerobic respiration. 

26. For what purposé do plants take oxygen ? Name one of the anaero- 
bic plants, 

27. What is produced as a result of anaerobic respiration ? 4 

28. Where glycolysis takes place ? Mention the products of glycolysis. 

29, What is the relation between food and respiration ? 

30. Discuss what you know about BTS. 

31. Who first discovered the krebs cycle ? 

32. How many types of respiration you know ? 

33. Is there any definite respiratory organ present in plants.” 

34. . Which particular organelle of a cell acts as the site of respiration ? 

35. Name th» two major phases of aerobic rispiration. 

36. What type of process is respiration—catabolic or anabolic ? 

37. Through which structure gaseous exchange takes place in Amoeba ? 

38. Through which structure gaseous exchange occurs in earthworm ? 

39. How air is pushad through the spiracles in insects ? 

40. How swim bladder is formed in fishes ? 

41. In which cavity of the human body lungs are lodged ? 

42. - Name the process by which gaseous exchange occurs in an alveolus. 

43, Name the protein part of the haemoglobin, 

44. Why complimentary aerial Hespitation i$ required for some fishes. living 
in muddy water ? j à 

45. Why bird like pigeon require double respiration ? 

45, How many stigmata is present in scorpion ? f 

47, What are the characteristics of a respiratory surface ? 

48. What is breathing tubs ? 

49. What are external gills ? Namo an animal that possess such gills. 

50, Name an animal which respires through ths ana] region of the hindgu'- 

51. What is the accessory air breathing organ of Azcbas ? Where is b 
situated ? 

| 52. Namea vertbrate where air-bladder (swim-bladder) acts as lungs ? : 
53. -Namea fish where internal nostril communicate with the buccal ae 
54. What is the respiratory organ of the scorpion ? Where is it located * 
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55. Name the structure, comparable to lungs, but first developed in 
ancestral vertebrates. 

56, What do you mean by internal respiration and external respiration. 

C. Multiple choice type : 

57. The main respiratory substrate in respiration is—Starch/glucose/lipid/ 
protein. 

58. The organ of respiration in plant is—Leaf/stem/root. 

59. Glycolysis is an— Aerobic/anaerobic respiration. 


60. The number of ATP is produced during glycolysis is—8/10/12/24/2/ 
38/39. 


61. The number of ATP is formed in Krebs cycle is—12/24/30/32]36/38. 

62.. The actual process of oxygen utilization for the liberation of energy is 
known as—External respiration/respiration/cellular respiration. 

63. The copper containing respiratory pigment of prawn is known as 
— Chlorocruorin/haemoerythrii ‘haamocyanin, 

64. External gills are prcsent in the developing stage of— Toad, lizard;snake. 

65. Airsacs are present in insects Jike— Dragonfiy, cockroach, bee, butterfly. ' 

66. ‘The elimination of carbon di-oxide through skin is about 74% in 
—Frog/ lizard/bird. 

67. The breathing organ of mosquito larva is— Gill, breathing tube/trachea, 

68. Tn human being a little amount of carbon dioxides is eliminated 
through—Skin/liver/kidney. : 

69. Lungfish Ceratadu: possess—A single lung/doublelungs/lung air bladders, 

| D. Distinguish between : 

70. Aerobic and anaerobic respiration, 

71. Anaerobic respiration and alcoholic fermentation. 

72. . Combustion and respiration. 

73. Respiration and photosynthesis. 

74. Breathing and respiration. 

75. Direct and indirect respiration, 

76. Interna) or tissue respiration and externa] respiration, 

E Spiracles and tracheoles. 

78. Bronchi and alveoli. 

79. Chlorocruorin and haemoerythrin. 

80. Haemoglobin and haemoerythrin. 

S1. Air-sac and swim bladder. 

82. Ventillation lung and diffusion Jung. 
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33. Single respirction and double respiration. 

84, Trachea and trachaeole. 

85. Direct respiration and indirect xespiration. 

86. Expiration and inspiration. 

87.  Extexda] gills and internal gills. 

$8. Lungs respiration and gills respiration. 

89, Primary respiratory organ and accessory respiratory organ. 
90. Lung and book-lung. 


E. Fill in the blanks : 

91. The process of expiration and inspiration combindely known as ~~ - 

92. In the body segments of insects there are pores (or holes) through 
which air enters & exists which is known as — . 

93, The non-protein part of haemoglobin is known as — . 

94.' A haemoglobin molecule contains — polypeptide chains each of which 
remains attached with a — molecule. 

95. Haemoglobin when combines with oxygen forms a. loose compound 
known as — . 


' 96. In invertebrates, haemoglobin when present remains dissolved in — - 


97. The citric acid cycle take place in the — of the cell. 
98. The process of glycolysis take place in the — of the cell. 
99. Supplementary air-sacs are persent in — . 


100. In — fishes swim bladder is modified and may function as-— breath- 
ing organ. 


101. In the dipnoifish protopterus the number of lung is — - 
102. In scorpion respiratory organ is call as — . 
F. Write short notes on : 
103. Respiratory quotient, 104. Aerobic respiration, 105. Anaerobic 
respiration, 106. Book lungs, 107. External respiration, 108. Internal 
respiration. 109. Tissue oxidation, 110. Terminal respiration. 


D. NUTRITION 


A. Long answer type: 


1. What is nutrition? What do you mean by autotrophic and 'heterotro* 


phic nutrition ? Discuss autotriphic and heterotrophic nutrition writh reference 


to plants. 


2. What do you understand by macro and micro elements in connection 


‘with the plant nutrition ? What is NPK ? 
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3. Describe an experiment to prove the necessity of any one of the 
"essential elements for plant growth. 
4, What is knop's solution ? How is it prepared ? .Prove by an experi- 
ment that sap moves up through xylem vessels. 
5. Describe the Ke‘erotrophic mode of nutrition in plants. 
6. Discuss brie^y the role of macfoelements in plants or Briefly describ the 
role of microelements in plants. 
7. Write what you know about the nutrition of insectivorous plants 
taking four examples. 
8. Describe the different types of nutrition in animals. 
9. With the help of a diagram of an elementary canal show the diferent 
points where and how the process of digestion takes place. 
10. What do you mean by ingestion, digestion, absorption and assimilation. 
11. Defne digestion ? Discuss intra and extraecellular digestion. 
12. What is carbohydrate ? Classify it with examples 
313. What is protein ? Classify it with examples. 
14. What is fat? Classify it with examples. 
“£5. De‘ine vitamin, antivitamin and provitamin. 


B. Short answer type! 


15. What are macro and microelements of plant nutrition ? Give ons 
example of each, 


17. What is the differnce between essential elements and! trace elements ? 


Name any four of the non-metallic essential elements and state their respective 
functions. ^ 


18. Give a brief account of the role of essential eléments in plants. 

19. What do you mean by proximate and protective principles of foods 7 
“Give examples. 

20. Mention thesimportances of nutrition. 

21. Write what you know about the parasitic mode of nutrition in plants. 


22, What do you mean by mutualism and commensalism ? Give 
examples. 

:23.  De^ne calorie. Mention the amount of calorie required for an 
-adult male doing moderate work. 


24, What is BMR? Mention the normal BMR of an adult male and 
female. i 


26. 


26. 
27; 
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What are the units of carbohydrate, protein; and fat ? 
What is oligosaccharides ? Give examples. 


How amino acid form protein molecule and glucose form starch or 


glycogen molecules ? 


28. 


What do you mean by water soluble and fat soluble vitamins ? Name: 


the Vitamins belonging to those types. 


[62 
29, 
30, 
3i; 
22 
33. 
34. 
a, 
36, 
ee 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 


Very short answer type :. 


` What is nutrition ? 


What i; saprozoic nutrition ? 

Define symbiosis. 

What is called symbiotic nutrition ? 

What is paras'tic nutrition ? 

What is the principal food of min ? 

What are major elements ? 

What is hydroponics ? 

Name any two ‘trace elemsnts’ which are essential for plant nutrition... 
What symptom is found in a plant due to dcefiiency of iron ? 

What is trace element ? Give an example of this typz of element. 
Name two total parasitic plants. 

Name six trace elements necessary for plant growth. 

What is parasitic nutrition ? 

What are nutrients ? 

What is food ? 

What do you mean by water culture experiment ? 

What do you mean by nutritive food ? 

What do you maan by protective food ? 

Mention tha constituents of a culture solution. 

What do you mean by essentia] macroelements ? Name thom: 
What is symbiosis ? 

What is holophytic nutrition ? 

What do you mean by ketose and aldose sug. rs ? 
What is starch ? Why is it insoluble in cold water ? 
What do you mean by high biological value of protein ? 


Name the: vitamins, deficiency of which cause following symptoms ^ 


Nightblindness, ricket, scurvy, osteomalacia, tetany, muscular dystrophies, 
bariberi, cheilosis, pellagra and pernicious anaemia. 


56. 


Name the minerals, de^ciency of which cause retarded growth of 


` ths bone, atrophy of muscle, slowing of haart, tetany and rickets. 
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D. Distinguish between : 

57. Autotrophic and heterotrop'ric nutrition. 

58. Saprophyte and parasite. 

59. Macroelements and microzlements. 

60. Saprophytic nutrition and parasitic nutrition. 
61. Nutritive food and protective food. 

62. Autophyte and parasite. 

63, Saprophytic nutrition and symbiotic nutrition. 
64, Oligosaccharide and polysaccharide. 

55. Phosphoprotein and phospholipid, 

66, Water soluble vitamins and fat soluble vitamins 


67. Intracellular digestion and extracellular digestion. 

E. Write short notes on! 

“68. Autotrophs, 69. Symbiosis, 70. Hydroponics, 71. Parasite, 72. Sapro- 
phy, 73; Trace elements, 74. Starch, 75. Glycogen, 76. First class protein, 
77 Oligosaccharides, 78. Conjugated protein, 79. Oil, 80. Antivitamins, 
81, Xeropthalmia, 82.  Antirachitic factor, $3. Tocopherols, 84. Antihae- ` 
morrhagic factor, 85. P-P factor, 85. - Scurvy, 87. Co-enzym, 83. Apoan- 
zyme, 89. Proboces, 90.  Intraceular digestion, 91. Chyms, 92. Salivary 


gland, 93, Egestion, 94. Assimilation, 95. Ptylin, 95. G. I. Tract. 
E. CIRCULATION 


A. Long answer type: 


1... Describe the phenomenon of translocation of water and food in a plant 


What is meant by ‘Ascent of Sap’? What type of plant tissue is 


associated with this process? What is the relation between absorption and this 
process ? 


3. Name the conducting tissues of a plant. Mention briely how water 


and mineral salts from the root hairs reach the leaves. 

4, Name the tissues of the plant body through which ‘ascent of sap’ and 
‘translocation of food’ takes place. ‘Describe in brief the above two processes. 

5. What is conduction ^ Discuss in brief tho process of conduction of 
water in plants. 

6. Name few minerals used by plants and animals. How is the necessity 
of different nutrients in plant assessed ? Give an account of water cultur: 
experiment. . í 
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7. What is meant by ascent of sap ? Mention its path, How would you 
demonstrate ascent of sap in plants by means of an experiment, 

8. Explain the cohesion—tension theory in connection with ‘ascent of sap.’ 

9. What do you mean by circulation ? Discuss the circulation in amoeba 
and hydra. 

10. Write what you know about circulatory system and process of circula- 
tion in multicellular invertebrate. 

11, How many types of circulation is found in animal body ? Describe the 
circulation found im star fish. 

12. Write what you know about single circuit circulation and double 
circuit circulation, Discuss about single circuit circulation, 

13. Write the types, structure, and functions of blood vessels. 

14, Describe human circulation. 

15, Describe with suitable longitudinal diagram of a vertebrate heart. 

16. Discuss the route of blood circulation in your heart. 

17. Discuss what you know about systemic and pulmonary circulation. 

18. What is lymph? Is lymph found in other vertebrate ? Describe the 
function of lymphatic system. 


B. Short answer type: 


19. Discuss the vitalistic theories in connection with the ascent of sap. 

20. Describe in brief how water and dissolved mineral salts reaches the 
leaf cells from the root region of the plant body, 

21, Discuss how food materials are transported from the Jeaf cells to the 
different growing regions of the plant. 

22, Name the medium of circulation in plant and animals of different types. 

23. Describe the process of circulation in unicellular animals. 

24. Describe the role of haemal and perihaemal in the circulation of star 


fish, 
25, State the role of circulation in insect, 
26, Discuss the open circuit circulation with some examples, 
27, Why fish heart is known as venous heart ? 


28, What is mixed heart? In which animal it is found ? Why it is so 


29, Describe the circulation in earthworm. 
30. What is S. A node ? Why it is called ‘pace maker’ of heart ? 


31.. Name the different valves and special junctional tissues present in 
your heart, 


N 


C. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 


39. 


40. 
41. 
42. 
43. 
44. 
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Very short answer type : 

Name the plant tissue through which 'ascent of sap’ takes placa. 

Name the plant tissue through which ‘translocation of food’ takes place. 
What do you mean by ascent of sap in a plant body ? 

What is conduction ? 

What do you mean by ascent of sap ? 

What is circulation ? 

What is root pressure ? 

Who proposed the root pressure theory ? 

What do you mean by transpiration pull ? 

Who proposed the cohesion—tension theory ? 

Why blood of vertebrate is red ? 

Nams one animal which contain haemoglobin in blood plasma. 

What is ths name of the pigment present in the blood of prawn. 


Mention its location in the blood. 


45. 
45. 
47. 
48. 
49. 


64. 


Mention what do you mean by oxygenated and de-oxygenated blood. 
What is sinus venosus ? 

What is double circuit haart ? 

What do you msan by venous heart ? 

Which part of toad's heart acts as pace maker ? 
Distinguish between : 

Conduction and circulation, 

Cohesive force and adhesive force. 

Xylem and phloem. 

Haemoglobin and haemocyanine. 

Closed and open circuit circulation. 

Venous haart and mixed heart. 

Atrium and ventricle. 

Single circulation and double circulation. 

Blood and lymph. 

Vein and artery. 

Oxygenated and deoxygenated blood. 

Pulmonary artery and systemic artery. 

Bicuspid and tricuspid valves. 

Multiple choice type * 

In plant water is conducted through—Phlosm ‘Xylem. 
The food substances are translocated through—Phloom/ Xylem. 
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65. 


Prawns blood contain the pigment called—Haemoglobin, haemocyanine, 
66. 


‘The haemoglobin of earthworm's blood present in— Blood cell plasma. 
67,. The blood vessels which cantain valves known as—Artery, vein. 

68. The contraction of heart is called —Systole/diastole. 

69. The mitral valve is present at—Left atrio 
atrioventricular aperture/the origin of aorta, 


70. The number of chambers in fish heart is—2/3/4, 
TI 


"ventricular aperture, right 


Human blood circulation is—Single/double typa of csrculation, 


72. The pace maker of human heart is— S, A, node/A. Ns node/Bundle 
of Hiss) Purkenje f bres, 


F. ‘Write short notcs on: 


73. Root pressure, 74, Transpiration pull, 75, Ascent of shap. 76. Canal 


System. 77. Haemocoel, 78, Open circulation, 79. Closed circulation. 


80. Pulmonary circulation, 81. Systemic circulation, 82. Pericardium 


83. Sinus venosus, . 84, Junctional tissues of heart, 
F. EXCRETION 
—Á— MN 


A. Long answer type: 
1. What is excretion ? 


Dascribs the fate of excretory products in plants 
and animals, 


2. What is excretion ? How the excretory products are utilised ? 
Describe in brief the mechanism of excration in plants, 
Write in brief the useful and economical excretory materials of plants. 
Describe the nitrogen containing waste products of plant, 
6. Describe the non-nitrogenous waste products of plant, 

7. What are mineral crystals ? 
crystals found in different plant, 


3 
4. 
m 


Describa thom with suitable diagram. 


8. Draw a labelled diagram of nephron and describe it. 
9. Describe tha process of excretion in animals, 
10, What are the importances of excretion. 


Mention some excretory 


Discuss th» process of excretion in the animals which 
do not contain excretory organs, 


11. Name some excretory organs of invertebrates, 
of thesa organs with proper diagram. 

12. Name the functional unit of excr 
the different structura of it with Proper diag 


13. What is nephron 2 


products of animals, 


Discuss the functions 


etory system of mammals. Discuss 
ram, 


Describe its Structure with suitable diagram. 


Mention the diiferent types of mineral 
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14. What are the excretory organs present in man ? . Mention the different 
«excretory products are formed by these organs, 

15. Describe anatomin.cal structure of mammalian kidney, 

16. Name the fluid formed in the nephron, How this fiuid is formed ? 

17. What is urine? Describe the proces: of excretion of urine from the 
"human body. 

P. Short answer type: 

18. Maké a list of different excretory products, 

19. Mention the methods of excretion in plants. 

20. Mention the excretion of inorganic materials of the plants. 

21. Explain what is meant by excretion. 

22. Mention the names of six excretory products of plants. 

23. What is alkaloid? Where it is found? Mention the type of 
calkaloids. 

24. What do you mean by mineral crystals ? 

25. What is latex ? Where it is found in plant ? 

26. What is contractile vacuole ? In which animal it is found ? Mention 
‘its function, 

27 Name the excretory organs of earthworm, grasshopper, prawn, 
"scorpion, fish, toad and human, 

28. Draw the structure of Malpighian corpuscle, 

.29.. What is Malpighian tubules ? In which animal it is found. 


C. Very short answer type: 

30. Defne excretion, 

31. What do you mean by excretory materials ? 

32. What is. alkaloid ? 

33. Name two plant alkaloids useful for man. 

34. Where from quinine and atropine is obtained? Mention their 
*&conomic importance. 

35. Mention the sources of reserpine and morphine. Mention their uses, 

36, What is rubber ? 

37. What is cystolith ? 

38. Whatiis raphide ? 

39, “What is latex ? Name a plant where it is found. 
so- 40. Name the phenomenon by means of which removal of excretory 
{products from the plants take place, 

41. Mention the name of an alkaloid and its source, 

42. Name an excretory product of a plant which is economically importent, 
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43. What substance do we get from cinchona plant ? 

44. Name two waste products, 

45, Name two types of excretory products of protoplasm: 

46. What is Malpighian tubules ? Where it is found ? 

47. What is green gland where it is present ? 

48. Why liver is known as excretory organ ? 

49. How many kidneys ara present in veriebrate animals ? 

50. What do you maan by structura! unit of kidaey ? Whare it is present ™ 
51. Why gills and lungs are called excretory organs of the boody ? 

D. Multiple choice types : 

52. Process of excretion take place in—Plants animals, in living organism. 


53. Excretory products of living organism is produced by —Digestion/ 
circulation/mstabolism, 


54. The nitrogenous waste preducts are produced by the metabolism of — 
Carbohydrate protein fat. 


55. Plant nitrogenous waste product is — Gum) tannin ‘quinine/raphide. 


56. Alkaloid is — Carbohydrate/nitrog:nous substance non-nitrogenous sub- 
stance’protein. 


57. Morphin s present in — Fruit/flower, bark/leaf. 

58. Callein is found from — Tea leaf seed of coTes/Belladona plant. 

59. The excretory organ of Planaria is — Green gland/flame cell/Bowman's 
capsule/nephridia. 


60. Coxal gland is excretory organ of — Planaria ‘earthworn ‘grasshopper! 
scorpion. 


61. The unit of kidney is — Malpighian corpuscle/glomerular tuft] 
nephron neurone. 

E. Distinguish between + 

62, Excretion and  Egestion| 63, ‘Gum resins and oleo resins. 
64, Cytolith and Raphide, 65, Tannin and Resin, 66, Acicular rapbides: 
and Sphaeraphides, 67, Resin and Gum, 68, Excretion and secretion.. 
69. Excretion of plant and excretion of animal, 70. Nephridia and nephron, 


71. Mulpighian corpouscle and Mulpighian tubules, 72, Green gland and: 
sweat gland. 


F. Write short notes on! 

73, Resin, 74, Gum, 75, latex vesel, 76, Tannin, | 77, Glycosides,- 
78, Calcium oxalate, 79. Latex, 80. Alkaloid, 81, Raphides gl, Cystolith, 
83, Volatile oils, 84. Organic acids of plants, 85. flame cell, 86, green 
gland, 87, nphridia, 88, Henle’s loop, 89, Bowman’s capsule, 90, Osm* 
regulation, 91. Urinary system, 92,  Micturition, 


aN 


ELEMENTARY IDEA ABOUT LIFE PROCESSES xvii 
G. GROWTH 


A. Long answer type: 

1, Define Growth. What is growth curve ? Name the different phases 
of plant growth, Mention the factors that influence the growth in plants, 

2, What is growth? Distinguish between plant growth and animal 
growth, What is sigmoid curve p Draw that curve mentioning the different 
phases, g 

3, Describe the role of different factors effecting growth, How will 
you demonstrate the linear growth in plants ? Describe the experiment, 

4. What is growth? Describe the process of growth in animals, 

5. What do mean by direct and indirect development ? Discuss the 
factors on which the growth of animals depend, 

6, Describe the different phases of animal growth, 


B. Short answer type: 

7, Discuss the role of different factors of growth, 

8, What do you mean by lag, log and stationary phases ? Describe 
these phases in brief. 


9. Write what you know about the primary growth and secondary 
growth of the plant body. 


10, Discuss how plant growth can be measured in the laboratory ? 
11. Discuss about the external factors effecting growth, 
12, Describe the process of embryo development in animal, 


13, Name the different hormones which help in growth of animal and 
Plant body, 


14, Describe the process of regeneration in animal, 
C. Very short answer type $ 
15, What is growth ? 1 : 
16. What is development ? 
17, What is known as the grand period of growth of a plant ? 
18, What is sigmoid curve ? Hu 
19, Due to growth of the living body dry weight increases or eic ? 
20, Mention the functions of cambium, 
21, What do you mean by regenerative growth ? 
22, Name the hormones which help plant growth, 
23, Mention the different phases of plant growth. 


:24, Name two factors, one external and other internal, which are respon- 
sible for plant growth, 
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25. . What is arc indicator ? 

26, Name one instrument for measuring growth of a plant, 
27, What is gastrula ? 

28. What is blastula ? 

29, What is definite growth ? 

30, What is regeneration ? 


D. Distinguish between : 
31, Plant growth and animal growth. 
32, Growth and grand period of growth, 
33. Growth and Development. 
84, Primary growth and secondary growth, 
35, Vegetative growth and Reproductive growth, 
36, Development and metamorphosis, 


E. Multiple Choice type : 
37.. The growth of plant takes place for — defiinite/indefinite period. 
38. The growth takes place in all parts of the body in — plant/animal. 


39, The second phase of growth is — the phase of formation/phase of 
elongation/phase of maturation. 


40, The growth curve of an organism is called — grand period of growth! 
sigmoid curve/lag period/development, 


41, The name of an internal factor for the plant's growth is — sunlight! 
temperature/Oxygen/auxin, 


42. The process of development in which the daughter animal look like the 
parent one is called — indirect development/direct development/metamorphosis, 

43, Auxin is the growth hormon of plant/animal/both, 

44, STH is the animal growth hormone secreted from — pituitary! 
thyroid/adrenal gland, 

F. Write short notes on : 

45, Growth, 46, Grand period of growth, 47. Sigmoid curve, 48, Re 

generative growth, 49, Regeneration, 


H. MOVEMENT 


A. Long answer type: 

1. Give an account of the different types of tropic movements in plants, 

2. Give an account of the different types of nastic movements in plants. 

3, Describe with examples the following types of movements in plants. 

(i) Nutation, (ii) Circumnutation, (iii) Hyponasty, (iv) Epinasty 
and (v) Movement of variation, 
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5. What do you mean by tactic movements ? Describe the different 
types of tactic movements with examples, 

6. Mention the difference between movement of locomotion and move- 
ment of curvature, Write what you know about the movement of curvature 
in plants, 

7. What is the difference between movement and locomotion ? Describe 
in brief the different types of movement found in plants, 

8, What is the difference between tropic and nastic movements ? 
Deseribe briefly the phototropic and geotropic movements in plants, 

9. Write what you know about the locomotion of aquatic animals, 

10, Write what you know about the mode of locomotion in unicellular 
animals, 

11, What are the importances of movement and locomotion in animals, 
Write what you know about the forward movement of fish, 

12, Describe the functions of fins of fishes during swimming, 
13, What is the medium for the locomotion of pigeon? Describe the 
position of wing at rest and its action during sustained flight, 

14, Describe the process of locomotion of terrestrial vertebrates, 

15. Wby the movment of human being is called bipedal movement ? 
Describe the process of walking in human being. 


B. Short answer type : 

16, Give a brief account of seismonastic movement in plants. 

17. Define movement and locomotion, 

18, Mention tha differences between movement and locomotion, 

19, Write what you know about the purpose of movement and locomotion ? 

20, Write in brief the different conditions necessar y for movements, 

21, Write in brief the different types of spontaneous movements of 
locomotion, 

22, Write what you know about movements of variation ? 

23. Write about the differences between tropic, mastic and tactic 
movements. 

24. Write what you know about the movement of variation in plants, 

25, Write in brief th» growth movements in plants. 

26, Discuss the phenomenon of phototropism, 

27. Write in brief the phenomenon of geotropism , 

28. Write in brief the different types of nastic mov ements in plants. 

29. Describe the Amoeboid movement, i 
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30. What do you know about ciliary movement ? 

31, Describe the processes by which the hydra moves on a substratum 
from one place to another, 

32, Describe the process of moveinent in earthworm, 

33, Discuss the processes of locomotion in toad. 

34, What is the name of the most important joint in your-body which is 
concerned with the movements of the body, Describe its structure. 

35. Describe the process of locomotion in man during walking. 


C. Very short answer type : 

36, What is meant by paratonic movement of locomotion ? 

37, Name the movement involved in the opening of floral bud. 

38 Name the movement involved in the bending of a stem towards 
light, 

39, Name the movement involved in the movement of antherozoids of 
Mosses archegonium. 

40. Name the movement involved in the opening of Tulip flower, 

41, Name the movement involved in the downward movement of primary 
roots. 

42. In which plant is found seismonastic movement ? How does it differ 
from photonastic movement 2 

43, Whyis the movement of higher plants not regarded as locomotion ? 

(Because it does not involve change of place) 

44, Distinguish between Hyponasty and Epinasty, 

45, What is cyclosis ? 

46, What do you mean by induced or paratonic movement ? 

47, Define movement, 48,. Define locomotion, 

49, What do you mean by autonomous movement ? 

50, What is growth movement ? 51, What is tropic movement ? 

52, What is nastic movement ? 53, What is Haptotropism ? 

54, What is photonasty ? 55. What is thermonasty ? 

56, What is nyctinasty 1 

57. What is the difference between ‘Tactic? and ‘Nastic’ movements 7 

58, Mention the type of movement observed in the plant Mimosa pudica, 

59, Name two plants which can move from one place to another, 

60, What type of movement is found in protoplasm ? What is the aim 
of the movement ? 

61, Name a plant which shows tactic movement, 

2 
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62, How would you prove that the shoot of a plant moves towards light ? 

63. Which part ofthe plant body moves towards the direction of light ? 
What is Nyctinasty ? 

64, Why movement of higher plants is not regarded as locomotion ? 

65, What is the difference between the tropic and nastic movements ? 
What is phototropism ? 

66, Name the part of the plant which moves away from the soil and 
moves towards sunlight, What type of movement does it show ? 

67. What in amoeboid movement ? 

68, What is ciliary movement ? 

69. What is flagellar movement ? 

70, Write what you know about somersaulting movement, 

71, What is looping? In which animals this type of movement takes 
place, 

72, Describe the leaping movement of toad, 

73, What you know about crawling movement of earthworm ? 

74, Name the tissues on which movement in human depends. 

75, What is ball and socket joint ? 

76, What do you know about extensor and flexor muscles ? 


D. Dsitinguish between : 

77. Spontaneons movement and Induced movement. 78, Hyponasty and 
Epinasty, 79, Movement and Locomotion, 80. Tropic and Nastic moves 
ment. 81. Phototropism and Geotropism, 82, Chemotropism and Chemonasty, 
83, Photonasty-and Thermonasty 84.  Phototropism and photonasty. 
85, Amocboid movement and Ciliary movement, 86. Autonomic move- 
ment and paratonic movement, 87, Tactic and Tropic movement. 
88, Somersaulating and looping, 89. Flexor and Extensor muscle, 
90, Axial skeletal system and Appendicular skeletal system, 91, Pectoral 
girdle and Pelvic girdle. 


E. Write short notes on : 


92. Cyclosis. 93, Nutation and Circumnutation, 94.  Epinasty, 
95. Hyonasty, 96, Tropic movement. 97. Nastic movement, 98, Phototro- 
pism, 99. Geotropism. 100, Chemotropism, 101, Ciliary movement, 
102.  Amoeboid movement. 103,  Photonasty 104.  Thermonasty, 
105. Nyctinasty. 106. Seismonasty, 107. Somersaulting locomotion, 
108, Fins of fishes, 109. Creeping, 110, Crawling, 111. Flipper, 
112, Gliding, 113, Joints. 
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I. REPRODUCTION 


A. Long answer type: 


1, What is reproduction ? Describe the drfferent methods of vegetative, 
reproduction in plants, What are the advantages of vegetative propagation ? 
2. Give an account of the asexual reproduction in plants. 
3. . Give an accou nt of the sexual reproduction in plants, 
4. Describe the different methods of artificial vegetative propagation 
in plants, 
5, Define asexual reproduction, Mention the unit of asexual repro- 
duction. Describe the different types of asexual reproduction in plants. 
6. What is sexual reproduction ? Describe the different types of sexual 
reproduction in plants, 
7. What is fertilization 2 What is double fertilization p Describe the 
fertilization process in an angiosperm with labelled sketches. 
8. Discuss in short different varieties of reproductions found in animals, 
9. What do you mean by asexual and sexal reproduction in animals, 
10. Describe the sexual method of reproductions in animals, 
11, Name the gonads found in male and female body, Describe the 
male reproductive system, 
12, What is gamete ? Name the different types of gametes found in the 
human body. Describe the famale reproductive system, 


_ 13, What is fertilization ? How does it take place in female body ? 
B. Short answer type : 


14, Mention the differences between asexual and sexual methods of 
reproduction, 


15. What is parthenogenecsis ? 
16, Explain how the underground modified stem and sub-areial stems of 


plants help in reproduction, 


17. What is layering ? Describe the different methods of layering. 


18, What is alternation of generations ? 
19, Describe the male gametophytes of angiosperms with labelled sketehes, 
20, Describe the female gametoplytes of angiosperms with labelled sketches. 
21. Dercribe the structure of an ovule in L, S, 

. Describe the structure of an embryo sac in Angiosperms. 


23, What do you mean by sporulation; Name the animal in which 
sporulation takes place, 


24, 


Amoeba. 


25. 
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State in what conditions binary and multiple fission take place in 


Define fragmentation? Which animal undergoes this type of 


reproduction, 


26. 
21. 
28 


41. 
42, 


Discuss what you know about perthenogenesis ? 
What is a bisexual animal ? Give examples, 
What is sparmatogenesis p Where does;it take place ? 


Very short answer type : 

What is grafting ? 

What is budding ? 

What is scion and stock ? 

What is fission ; 

What is a gemmae ? 

What is blubil 2 

What is gootee ? 

What is vegetative reproduction ? 

What do you mean by asexual reproduction ? 
What do you mean by sexual reproduction ? 
What is fragmentation ? 

What is cutting ? 

What is zoospore and aplanospore p 

What is physiological anisogomy ? (When two gametes which are 


morphologically similar but physiologically different fuse with each other, then 
this process is called physiological anisogany e,g., Spirogyra, ) 


43, 


What is a harmophrodite animal ? 

What is a gamete p Where it is formed ? 

What do you mean by cross fertilization of an animal ? 
What is urotandrous animals ? 

What do you mean by ovoviviparous animals ? 

What is zygote p Name the site of formation of zygote, 


Distinguish between : 

Isogamy and Anisogamy, 

Isogamy and oogamy. 

Homosporous and Heterosporous, 

Cutting and Grafting, 

Asexual reproduction and sexual reproduction, 
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54, Conjugation and Fertilization, 

55, Fertilization and Double fertilization, 

56, Zygote and zygospore, 

57, Generative nucleus and Tube nucleus, 

58. Monoecious and dioecious animals, 

59, Gonads and gametes, 

60, .Oviparous and vipiparous animals, 

. Spermatogenesis and oogenesis, 

62, External fertilization and internal fertilization, 


E. Write short notes on ‘ 

63, Conjugation, 64, Syngamy, 65,  Alternation of generation, 
66, Grafting, 67, Layering, 68, Antipodals, 69, Double fertilization, 
70, Adventitious Bud, 7i, Bulbil, 72, Aplanogamete, 73. Endosperm 
nucleus, 74, Definitive nucleus or Secondary fusion nucleus, 75. Syngamy, 
16. Parthenogenesis, 77, Testis on the ovary and zygote. 


@ Public Examination: Questions from this Chapter @ 


A. Transpiration : 


1. What is hydathode ? (Tri. H. S. *86) 
2. What is transpiration? How many types of transpiration are there ? 
Explain the process of transpiration with the help of simple experiment. (H.S. *87) 


B. Photosynthesis : 
(i) Long answer type : 

1. What is photosynthesis ? Briefly narrate the process and its significance, 
W. S. °78) 
2. What is photosynthesis? Name cells which are responsible for photo- 
syntliesis in flowering plants and give reasons for your answers, Enumerate the 
factors which affect the photosynthetic rate. What is the source of oxygen 
evolved in photosynthesis. (J, E, E. *78) 
| 3. Describe in brief the dark stage and thc light stage of photosynthesis 
stating their site of occurance, What are strategies adopted by the plants living 
in the shadow of tall trees and shrubs for obtaining sufficient light ? Give the 


photosynthetic reaction of an autotrophic bacterium. (J. E. E. '80) 
4. What do you understand by Hill reaction and Blackman reactions ; 
arrive at their respective conclusions. (J. E. E. '79) 


5. (i) What is the source of free oxygen that green plants give off as a by 
product of photosynthesis? State how this was demonstrated experimentally. 
(ii) What is the importance of light reaction in photosynthesis ? (iii) How 
is the leaf adopted to getting the materials needed to carry on photosynthesis. 

(J. E. E, '81) 

6. Explain how living world depend upon photosynthesis, (H. S. *83) 

7. What do you mean by-autophytes ? Explain how do water, light and 
chlorophyll help in making their food. When ATP is synthesised during 
photosynthesis ? (Tri. H. S. '83) 

8. (a) What are “light” and "dark" reactions in photosynthesis? What 
are the products of light reaction ? Give a simplified diagram to illustrate the 
main reaction chains catalyzed by photosystem I and photosystem II. 

Do autotrophic bacteria: give off oxygen as a by-product in photosynthesis ? 
Give reasons. 


(b) Answer the following—(i) -Where are chlorophyll molecules concentra- 


ted in a chloroplast? (ii). Give the emperical formula of chlorophyll 


i 
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molecules, How does the molecule of chlorophyll-a differs from that of 
chlorophyll-b ? (iii) What is chlorobium chlorophyll ? Where is it found ? 
(iv) What are the functions of carotenoids ? (J. E. E. '83) 
9. One gram of graen leaf tissue gives out 1 c.c. of oxygen per hour by 
using 1 c.c. of carbondioxide during photosynthesis. On the other hand same 
amount of COg is given out using equal amount of Oy by one gram of germina- 
ted seed during respiration. Now if 3 grams each of wet leaves and germinated 
seeds are mixed in stoppered flask and kept in sunlight for 3 hours, what will be 
the result ? Explain. (Tri. H. S. *83) 
10. What is photophosphorylation ? In which life process and at which 
stage does this occur ? What is the significance of this reaction ? (H. S. *84) 
11. Who is Clavin ? . How is he related with photosynthesis ? 
(Tri. H, S. 84) 
12. Distinguish between photosynthesis and respiration and describe briefly 
the process of photosynthesis. Explain the significance of photosynthesis, 


(H. S. '87) 
(ii) Short answer and other type : 

- 13. Whatis photon? . What is its function ? (H. 5.78 5.82) 
14, Whnt is photolysis ? (H. S. ^81, Tri, H. S. '85) 
15.. In photosynthesis during dark phase—combining with carbon di-oxide 

produce—. (H. S. '82) 


16. What is the relationship between chlorophyll pigments and light. ) 
(H. S. 783 


17. Give the full names of—(a) RuDP, (b) t-RNA, (c) AMP, (d) PGA. 
(Tri. H. S. '83 


18. State very briefly the factors influencing the rata of photosynthesis. 
' (J. E, E. '84) 


19. What is the significance of photosynthesis. (H. S. '87) 
20." What are the full names of RuDP and PGAId. (H. S. *87) 
C. Respiration : 

(i Long answer type: 

1. Name the fundamental process in which living organisms release energy 


within their cell cytoplasm. Give an equation for the process. In what way the 
energy thus derived from that process is utilized by the living organisms ? What 


is the function of haemoglobin, (JE. Es 78) 
2. What is'glycolysis ? State the significance of respiration. How does 
gascous exchangs take place in Amoeba and in man ? (J. E. E. '80) 


» 
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3. What are complete anaerobes and partial anaerobes ? Compara 
anaerobic respiration and alcoholic fermantation. State what happens to the end: 
products of anaerobiosis in plants and animals. (V. E. E. '81, '86) 

4. "What is Glycolysis ? In which process and where does it take place ? 
What is formed as its result ? Describe briefly the said process. (H. S. 782) 

5. What are the full names of RuDP and PGAld ? In which process and 
in which phase thesc ara present ? (H. S. '82) 

6. Describe the differences between anaerobic and aerobic respiration. 
What is the ultimate purpose of respiration ? (J. E. E. '82) 

7. During respiration 'potential energy is converted into Kinetic energy ? 
What is it meant by ? Describe the process of interchange of gasses in human 
lungs during respiration. (H. S. '84) 

8. Why Krebs cycle Is known as tricarboxylic acid cycle ? Discuss how 
these acids are formed from pyruvic acid. (Tri. H. S. '84) 

9. Mention the differences between anaerobic and aerobie respiration. 
What are the end product of glycolysis ? (H. S. '85) 

10. In which bio-chemical reaction more ATP molecules are formed ? 
Mention the number of, ATP formed in different phases of the reaction. What 


part play the cytochrome in these reactions ? (Tri. H. S. '85). 
11. What is glycolysis ? In which process and where does it take place T 
What are the end products of this process ? (H. S.'87) 
(ii) Short answer and other type : 
12. Name the structures responsible for plant respiration. (H. S. '78) 
13. Why respiration is termed as release of energy ? (H. S. *78) 
14. What are DPN and ADP? In what reference you have heard of 
tham ? (H. S. *80) 
15. In which state, energy produced during respiraiion does remain within 
the living body ? (H. S. '82) 
16. Distinguish between aerobic and anaerobic respiration. (H. S. *83) 
17. Why is the Krebs cycle known as TCA cycle ? (H. S. °83) 
18. 


Who first showed the presence of mitochondria in living cell and state 
its function in respiration. (J. E. E.'84) 
19. Where are the chlorophyll concentrated in chloroplast ? (J. E, E. '85) 
20. Where does citric acid cycle take place ? _ (J, E. E. '87) 
21. Distinguish between Haemoglobin and Haemocyanin. (H. S. *87) 
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D. Nutrition : 
(i) Long answer type : 


1. What are macro- and microslements of plant nutrition ? Give one 


example of each. : (H, S. *79) 
2. What are lipids and polysaccharides ? How does they difer from each 
other ? À (H. S. *80) 


3. Discuss briefly the role of liver in vertebrates for the regulation of 
following—(a) amount of blood sugar. (b) Amount of lipids in blood. 


(H. S. '81) 
4. Classify protein. What are first class proteins ? Why are they so 
called ? State the general functions of protein. ' (J. E. E. *82) 


5. ` What is a vitamin ? Mention the source and describe the effect of 
taking the following vitamins-—(a) calciferol and (b) ascorbic acid. If taken 
over does of these vitamins what result do you expect ? (Tri. H. S. "83) 

6. Mention which vitamins or elements are responsible for the following 
deficiency diseases—(a) Beriberi ; (^) Ricket ; (c) Goitre ; (d), Chlorosis. 

(Tri. H. S. *83) 


7. Define symbiosis, Give one example each from plant and animal. 
(Tri. H: S. 83) 


Describe the characteristic features of the following : 
8. . Catching of insects by pitcher plant, tongue of frog and heart of fish. 


(Tri. H. S. '85) 

9. What are the structural and functional specialities of the stomach of 

cow. (Tri. H. S. *5) 
10. Mention the role of saliva for the digestion of food in man. 

Tri. H. S. '85) 


11. Describe the fate of protein is different parts of alimentary canal ? 
: (Tri. H. S. *86) 
,A2. Describe the nutrition process in insectivorous and parasitic plants. 


(Tri. H. S, °86) 

13. What is vitamin? Describe briefly the sources and importance of 
any two of them, (H. S. '86) 
14. What is metabolism ? Describe briefly the process of digestion of any. 
one typé of food within human body. (H. S. *86) 
15." What is heterotrophic nutrition. Describe briefly about the principal 
sources and necessity of carbohydrate food. (H. S, 87) 


16. What is metabolism? Describe briefly the process of digestion of 
‘carbohydrate foods within the human body. (n. S. 87) 
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(ii) Short answer and other type : 


17. Distinguish between Autrophic and heterotrophic nutrition. 
(H.S 72,82) 


18. What is an enzyme? Name one proteolytic and one lipolytic 


enzyme, (H. S. 79) 

19. Define symbiosis and parasitism. (H. S. 79) 

20. Given below is the list of enzymes, State their functions. (i) amylase, 

Gi) pepsin, (iii) lactase and (iv) lipase. (H. S. 780) 

21. What is symbiotic nutrition ? (H. S, ^81, '85 87) 
22. What is the difference between a vitamin and an antivitamin ? 

a (H. S. '82) 

23. Which vitamin helps in blood clotting ? (H, S.'82) 

24. What is saprozoic nutrition ? (H: S. *83 '86) 


25. Distinguish between extracellular and intracellular digestion. (H. S. '84) 


26. State briefly the specific role of the micronutrient elements in plant 
metabolism. (J. E. E. °84) 


27. What is Riboflavin and where it is found (source of i)? (B.S, °85) 


28. What do you mean by phagocytosis ? Mention its importance, 
(Tri. H. S.°85) . 


29. What do you mean by B.M.R? What are the caloric value of 


different foods ? (Tri. H. S. '85) 
30. Write the source and name of one deficiency disease of vitamin ©. 
(H. S, '87) 


E. Circulation 


(i), Long answer type : 
1. Distinguish between a closed type and an open type of circulatory 


system. Give example of each. (H. S. '78) 
2. How water is conducted in plant. (H. S. '79) 
3. Distinguish between pulmonary artery and pulmonary vein. 
(H. S.*80, '82)': 
4. Explain briefly how does water or mineral. salts enter within the plant 
root from the soil. WOH. Ss 82)" 
5, What is circulation? What. is its Baniianen ? What is the part. . 
played. by heart during circulation ? (H.S.'83) 
::6. Why blood of insect has no role in respiration ?. How is oxygen carried : 
to the cells of insects ? i (Tri. HS) 83): 


7. What do you understand by circulation ? What are meant by closed 
blood-vascular and open blood-vascular systems ? Discuss about the circulation ` 
of blood within a mammalian heart. (H. S, '84) 
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(i) Short answer and other type : 
8. State the nature of blood in right auricle and left auricle in man, 


(H. S, 79) 
9. What is lymph ? State its difference with blood, (H. S. '79) 
10, Distinguish batween pulmonary artery and pulmonary vein. (H. S. *80) 
11. Compare and contrast between blood and lymph. (H. S. '80) 
12. What is venous blood. (H. S. '81) 
13 Closed and open circulatory system. (H. S. 82, 84) 
14. In bird and mammals the heart is (two/three/four) chambered. 

(H. S, 782) 
15. The opening between the right auricle and right ventricle is guarded 
by (bicuspid/tricuspid/semilunar valves). (H. S. '82) 
16, What kind of blood flows through the heart of fish ? (H. S.'83) 
17. What is lymph ? What is its functions ? (H. S. '&4) 
18. Name the valves of four chambered heart, Mention their importance. 
(Tri. H. S. 85) 

19. How does conduction take place in a multicellular plant body ? 
( H. S. '87) 


20. Distinguish between portal vein and systemic veins, (Tri. H. S. ^86) 


F. Excretion. 
(i) Long answer type è 


1. How do the plants get rid of their excretory products ? Name at 
Jeast three excretory products of plants used as medicine stating ihe names of 
plants and parts from which they are obtained. (J. E. E. 'T9) 
| 2. Describe with a diagram the structure of a nephron. (J.E. E. 79) 
| 3. What is excretion? Name the organs of excretion in man and 
cockroach and two commercially important excretory products of plants. 


(H: S. 19) 
4. What is nephron ? Describe the various parts of a nephron. State 
the mechanism of urine formation and elimination. (H. S. '81) 


5. Wame the different types of vertebrate kidney and name the vertebrates 
| where each particular typa of kidney occur. How do the plants get rid of their 
| excretory products? In what way the excretory products of plants are vsef' 
to mankind ? State the mechanism of excretion in cockroach, (J. P. E *81) 
| 6. What is osmoregulation ? Mention the various devices by which à 
Jand animal solves its osmotic problem. Explain with reasons what will happen 


to the fresh water fish if it is placed in sea water. (Se E, E. *8] ) 
7. What is excretion? What ara the excretory products of plants 1 
| How do plants excrete their products ? (H. S. '63) 


8. What is latex ? Where it is found ? What are its importance ? 


tl (ir, H. S. 3) 
T —— 
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9. What is excretory product? Describe briefly how do the plants 
perform excretion and what are the excretory products of plants. (H. S. '85) 


10. Mention the different excretory organs of vertebrate animals. e : 
(Tri, H. S. '86) 


11. (a) Name the accessory excretory organs of man, (b) State their 
functions. (J. E. E. '86) 
12. State the structural peculiarities of Nephron which help in the formation 
of urine, (J. E. E. 86) 
13. What is excretion? How does excretion take place in plants? 
Mention any three excretory products of anima]. (H. S.°87) ` 


(ii) Short answer and other type : 


14. Describe the differences between saprophyte and parasite, — (H. S. '78) 
15. State differences between Excretion and egestion (H. S. °78) 
16. Describe difierences between Excretion and secratiou, (H. S. °80) 


17. Mention the names of the animals in which the following structures 
could be seen. (i) Malpighian tubules, (ii) Green gland, (iii) Flame- cell 
and (iv) Contractile vacuole, (H. S.*80) 


18. The excretory organs in man and cockroach are respectively called 


(Flame cell/Kidney/Malpighian tubules/Nephridia). What is the role of skin in 
excretion ? 


(H. S. '82) 
20. Why are Jungs and liver called excretory organs ? (n. S. '83) 
21. Write short notes on nephron, (A. S. 85) 
22. Name the different types of excretory products in plants and state 
their uses. (J, E. E, *85) 
G. Growth: 
Short answer and other type : 
1. What is secondary growth in plant. (H. S. '81) 
2. Distinguish between syngamy and conjugation, (H. S. °81) 
3. State the main points of differences in growth between an animal and 
a plant, (H. S. *82) 
4. Distinguish between primary and secondary growth. (H. S, "84) 
5. What is called grand period of growth. (H. S. *85) 


H. Movement: 
(i) Long answer type : 


1. What do you mean by spontaneous and induced movement ? 


Cite ons 
example of each. Describe geotropic movement in plants, 


(Tri,.H. S, *83) 
2. What is the difference between tropic movement and nastic movement ? 
Explain different types of tropic movement with examples. (H. S. '85) 

Gii) Short answer and other type : 


3. Describe in brief the nastic movements in plants, (H. S. *78) 
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4, In which plant is found seismonastic movement ? How does it differ 


from photonastic movement. (H. S. °79) 
5. What will happened to a bony fish if its paired fins are amputed ? 1 

(H. S. *80) 

6, Distinguish between Hyponasty and Epinasty. (H. S. '82) 

7. State the role of the fore limbs and hind limbs at the time of hopping 

in a toad. (H. S. '82) 


8. Why is the movement of higher plants not regarded as locomotion ? 

(H. S. *83) 
9. Distinguish between spontaneous and induced movement. (H. S. *84) 
10. Differentiate between phototropic and photonastic movements giving 


examples. (J, E. E. *84) 
11. Write notes on webbad food, (H. S. '86) 

12. State the differences between Tactic movement and Nastic c n ) 
S..*87 


I. Reproduction : 
(i) Long answer type : 


1. What is fertilization ? Give an account of fertilisation in a flowering 


plant. (H, S. *81). 
2. Define with examples the following—(a) Self-fertilization, (b) S5 
fertilization, (c) External fertilization and (d) Parthenogenesis. (H. S. *83) 
3. How ovum is fertilized in higher animals ? (Tri. H. S. *85) 
4. What is vegetative reproduction ? Describe briefly about the vegetative. 
reproduction, (Tri. H. S. *86) 
5. What is reproduction ? Describe the different methods of asexual and 
vegetative reproduction in plants giving examples. (H. S. *86) 


6. (a) Name two plants which carry out only vegetative mode of repro 
duction. (b) When is the vegetative reproduction more preferred ? (J.E.E. 87) 
7. What is reproduction? What is the major differences between asexual 
and sexual reproduction ? Describe the isogamous, anisogamous and oogamous: 


types of sexual reproduction giving examples. (H. S, *87) 
` Short answer and other type : 

$.. Define alternation of generation, (H. S. °79, '87) 

9. What is metamorphosis ? Give an example. (n. S. '79) 


10. Name the animals who can reproduce without fertilization. (H.S, 80) 


. 11. What is multiple fission ? In which animal does it occur. (H.S, *84). 


12, -Distinguish between unisexual and bisexual animal. (d. S. *84) 
13. Write short notes on Phagocytosis. (H: S. *84) 
14, “What is parthenogenesis ? (H. S. "85) 
15. Distinguish: between syngamy and conjugation, (H. S. *87) 


Syllabus: [ Definition : (a) Plant hormones :—role in growth, phototropic 
and geotropic movements, role in agriculture (mention Indole acetic acid, chemical 
formula not required). 


(b) Animal hormones :—position of glands—pituitary, thyroid, adrenal, testis, 
and ovary. Pituitary—STH, TSH, ACTH, GTH, and ADH. Thyroid—thyroxin, 
Adrenal—Adrenalin, testis—Androgen and ovary—oestrogen. ( mention respective 
functions; © histology of glands and chemical composition of hormones not 
required ) ] 


61 Introduction : 

Bayliss in the year 1902 first observed that, though carbohydrate, protein, fat 
water, some amount of mineral salts and vitamins are essential for tho normal 
growth, metabolism, etc. of the living body, yet certain other unknown chemical 
substances are also essential for the normal and healthy growth and reproduction 
of the living body. Bayliss and Starling (1904) termed that important chemical 
substances as hormones though it was first proposed by Hardy. The word 
hormone is derived from the Greek word hormao, which means, “I impel” or"I arouse 
to activity”. In animal physiology it denotes & specific substance which is effective 
in a very low concentration and is transported to other part of the organism from 
their site of synthesis, where they cause specific physiological effects, But the site 
of plant hormone synthesis and their place of action is not differentiable 
although there are certain evidences indicating their effects far away from the 
site of synthesis. They are active in minute amounts and act as chemical 
messengers, A plant hormone can cause a variety of responses depending upon 
the nature of tissue or organ in which that hormone is acting. Plant hormones 
have been referred to as “growth regulators!” or “growth substances’. 

One of the greatest achievements of biological evolution has been the develop- 
ment of two controlling system in animal body, These are (i) The rapid- 
control system comprising the nervous system, exerting their control through 
interconnecting neuronal pathways. (li) the slow-control system comprising 
endocrine system, It exerted its supervisory role through chemical messengers. 
These two. systems interrelates with each other and together form meuro- 
Mens eheu constantly regulating the activities of the various cells of 

A y, they are complementary to each other. 


Biology (I)—1 
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62. Site of formation and action of Hormones : 


Hormone can not function at the place of origin of living 
bodies. They functions on some distant tissue organs from its 
place of production. Different types of hormones functions 
individually in minute amounts. Due to over (hyper) secretion or 
less (hypo) or non-secretion of hormones, different types of diseases 
are produced. In short it can be stated that hormones are 
different chemical substances which after producing in minute 
amounts in certain places of the living body, functions at a Site 
remote from their site of synthesis. 


6'3. Chemical messenger : 


As messenger sends messages from one place to another place, similarly 
chemical substances like hormones after production in one part of an organism 
are transported to another part of the organism, where they excito the organs oF 
tissues of that part. As hormone functions at a site far away from. its placeot 
origin, hence hormones are also called chemical messenger. Hormones also play 
an important role in the chemical co-ordination of the living body. 

6'4. Definition of Hormone: 

(D According to Thimann ( 1948—1952 ) a hormone may 
be defined as organic substance produced naturally in higher plants, 
controlling growth or other physiological functions at a site remote 
from its place of production and active in minute amount. 

(2) Bayliss and Starling (1904) defined hormone as a chemical 
agent released from one group of cells and are conducted easily 
through the transporting body fluid to affect different groups of 
cells, 

(3) Lhe organic chemical substance synthesised by a specific 
organ or local group of cells and. secreted into the body fluid 
( tissue fluid or blood ) which carries it to other sites in body where 
its actions are exerted is known as hormone. 

65. Properties of Hormones : 

The properties of hormones are— 

(1) Hormones work individually in very low concentration. 

(2) Hormones can take part in different chemical reactions 
or can actas a catalyst. 
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(3) Hormones cannot act on. those special cells from which 
they are secreted and act at a site remote from their place of 
production after being transported through the conducting systems. 

(4) They are generally protein in nature and never stored in any . 
other place for future use except the secreting glands or tissues. 

—— (5) They are destroyed and. excreted immediately after-their- 
functions are over. 


(6) Though they are transported to different organs of the 
body still they shows their activities in specific target organ ( when 
a hormone influences the activities of a particular organ ). 


(7 Hormones are complex organic compounds of low 
molecular weight and secreted from cells and glands. 


(8) Most hormones are highly soluble in water and they are 
thus conducted easily along with the cell sap or blood stream. 
Table No. 6'1. 
Distinctions between hormones and enzymes : 


m ttt 


Hormones | 


Enzymes 


1. Hormones are chemically 
of different types ie. 
protein, steroid etc. 

2. Hormones never act at 
their place of origin, they 
act at a site remote from 
their place of origin. 


i. Enzymes are always protein 
in nature. 


2 Enzymes after originating 
within the living cells, 
influence — the different 
types of chemical reactions 
within that cell. 

Enzymes are never destro- 
yed or become inactive after 
their specific functions are 

over. They remain unchanged 
at the end of reaction. 

4. Examples : Amyloiytic 

enzyme — Amylase, 
Proteolytic enzyme — Pepsin, 
Lipolytic enzyme — Lipase, 


3. Hormones are destroyed | 3, 
after their specific functions 
are over. They are excreted 
as soon as their functions 
are over. 

4. Examples: Plant hormone 
— Auxin, Animal hormone 
— Thyroxin. 


6'6. Types of hormones 3 


According to their physiology of action and their influence 
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on the type of organs in living organism, hormones are generally 
of four types—(a) Metabolism controlling hormone, (b) Digestion 
controlling hormone, (c) Growth and development. controlling 
hormone and (d) Reproduction controlling hormone. 
Se 
PLANT HORMONES 


——— 


The normal growth of the plant body does not depend -entirely 
upon the environmental conditions, but the growth of the plant 
body is also influenced by the chemical substances produced 
within the body. Those growth promoting organic chemical 
substances are called plant hormones. Plant hormones are also 
termed as Phytohormones. Generally plant hormones are “growth 
promoting substances” or “growth regulators”. 


6'7. History of Plant hormones : Charles Darwin (1880) in 
his published book “The power of movement in plants” mentioned 
" "'fhat bending of the coleoptiles of 
grasses and cereals occur due to 
unilateral light, He further stated’ 
that, some exciting organic chemical 
substances help in that bending 
curvature after they are trans- 
ported from the tips of these seed 
lings. to the lower part. The 
existence of hormone was first 
proved by Charles;Darwin. Sachs 
( 1882, 87,89 ) first proved that, 
minute amounts of various chemi" 
cal substances control the for? ' 


Fig. 61. The eftect oflight on the 
ts. 
growth of broad bean plants, and development of . plan | 


A. Normal.growth of plant when Boysen-Jensen (1913) showed: that 
evenly illuminatedfromabovo (note, some chemical substances diffusé | 


well developed leaves). B, growth out from the tip of the coleoptile | 
of plant in the dark has long thin : due. 

i ure 
spindly, stem aia riya Jai causing .phototropic curvatur i 


Yellow (lack of chlorophyll) teaves,” fO Unilateral light. Paal (1914, I9 
O. Stem curved towarda the light Supported the ideas of Boysen 
when illuminated from one side, Jensen. He termed that growth 
regulating substance as correlation carrier. 


m 
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Went ( 1928-32) for the isolation identification etc of growth 
qegulating substances established several tests by taking Oat 
(Avena sativa) coleoptile, He showed that the hormones (growth 
regulator) present in the Oat coleoptiles diffuses out of the tip, and 
is responsible for the elongation of cells in plants. WENT named that 
growth regulating chemical substance as Auxin. The term auxin has 
been derived from the Greek word “auxein” (—to grow). But 
‘before that in the year 1880 Charles Darwin and Francis Darwin 
while working on tropic movements of plants reported. the 
presence of growth hormones, now called as auxins (Went, 1928). 
Tt stimulates the growth of different organs of the plant body. 

The results of different experiments related to growth 
regulators are cited below : 
2.Tip Separated from 

coleoptilebyan A} 
agar block TT 


FT Fig. 62. Went’s Exporiment—to demonstrate (A) the growth-promoting 

Properties of a coleoptile tip, (B) the growth-promoting substance diffuses from the 

‘coleoptile tip. (O) the collection of growth-promoting substance from the coleoptile 
tip and (D) its effect on coleoptile tip, which can cause a growth curvature, 
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l. Grass seedlings bends towards the source of light during 


elongation. 


2. Ifthe tips of the growing seedlings are covered by means 
of non transparent metal caps then the tips of those seedlings 
would not grow bending towards the source of light. 

3. Germinating Oat coleoptile bends towards the source of 


unilateral light. 


4. When the tips of coleoptile is decapitated then its growth — 


is checked (Fig. 6°2A1), 


n a that cut coleoptile tip is again placed over the cut end of 


EA uir 
|. Coleoptile Eo 


T illuminated from 
Coleoptiletips | es 5 


4 2. Tip placed on 
two agar blocks 
in the dark. 


Greatest Curvature Least Curvature, 
produced by block ^ produced by block 
from dark side jn illuminated 
side 
Fig. 6:5. Experiments to show 
that exposure to light from one 
direction causes the redistribution 
of growth-promoting substance in a 
coleoptile, 


the coleoptile then the growth of 
the plumule will again resume 
(Fig. 6°2A2). L 

6. But if by means of uni- 
lateral light the cut tip of the 
coleoptile is excited then it is not 
Teacted. 

7. If the cut end of the 
coleoptile is placed over the cut 
stump apex in between a block of 
gelatin, then again growth starts. 


8. But if the cut tip of the 
coleoptile is placed over the cut 
stump of the coleoptile in between 
a tin or mica plate instead of 
agar block then no growth will 
take place (Fig. 6'2B). 


9, If the cut tip of coleoptile 
is placed on an agar block for 4 
certain period and after that 
period only the agar block if 
placed over the cut stump of the 
decapitated stem, then growth 


of the stem will again resume (Fig. 6°2C). 
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10. 1f the cut end is placed at one side of the decapitated 
coleoptile then bending curvature results. This is due to higher 
percentage of auxin on that side whereby the rate of cell division 
increases, and bending curvature results (Fig. 62D). 


From the above experiments it is proved that (a) only the tip of 
coleoptile receives light excitations and (b) one. type of organic 
chemical substance produced at the growing tip of germinating 
seedlings—which due to their polar transport (ie. it moves only 


from apex to base) by means of diffusion influenced the growth of 
plant organs. 


That the chemical substance is nothing but auxin which is 
synthesised at the growing apex of roots and stems where lies the 
meristemetic tissue. Plant hormones are not secreted from specific 
glands like animal body. Hormone can also be synthesised within 

‘the immature leaves, buds, flowers etc. and are transported to 
different regions through phloem. 


68. Functions of plant hormones : 


Plant hormones help in the growth, development, cell-division, 
bud-formation, premature leaf-and fruit-fall, growth of adventi- 
tious roots, seed germination, fruit formation, cambium activity 
and also control the different physiological functions. 


6'9. Classification of plant hormones : 


A. Natural: Those hormones which are synthesised within the 

plant body are called natural hormones. Examples - Auxins or Indole 
acetic acid (IAA), Gibberellins or Gibberellic acid (GA), Cytokinins 
ete. 
B. Artificial: Those hormones which are synthesised in the 
laboratory are called artificial hormones. Examples—Naphthalene 
acetic acid (NAA), Indole propionic acid (IPA), 2-4-dichlorophenoxy 
acetic acid (2-4, D) etc. 


C. Postulated: These are hypothetical hormones. Their 


characteristics and how. they work are not known. Examples— 
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Phyllocaline, © Caulocaline,  Rhizocaline,  Florigen, Dormin, 
Vernalin etc. 

The most important common plant hormones are—Auxin, 
Gibberellin and Cytokinin.: These are growth-promoting hormones. 
Abscissic acid and Ethylene are growth inhibiting natural hormones 


610 Auxins: 


(a) Definition : Those hormones which are produced by the tip 
of a coleoptile and control the rate of cell growth in roots and 
shoots are called auxins. Soding (1915) first demonstrated the 
action of auxins in the coleoptile of Avena sativa (Oats). These typ? 
of hormones are different kind of organic acids. Kogl et al (1934) 
first isolated this hormone from the plant body. It shows thre 
types of organic substances after chemical analysis. These al 
Auxin-a, Auxin-b and Hetero auxin, which together called auxins. 


€— 


(b) Chemical nature of Auxin: The chemical nature of 
auxin-a is auxenotriolic acid (C,,H3.0,;), which was first 
discovered by Kogl and Haagen-Smit (1931). The chemical natufe 
of Auxin-b is auxenolonic acid (C15H 5904), which was first isolated 
and named by Kogl et al (1934). Both auxin-a and auxin-b 9f 
stable in heatand light'and can be oxidised easily. A third typ? 
of auxin called heteroauxin is also discovered by Kogl et il 
whose chemical nature is Indole acetic , acid (C4 oH O2N)- This 
type of hormone is present in maize grain, some types of fungi 
and bacteria. 

The activity of plant organs increase with the gradual increas 
of the concentration of auxin. But the action of auxins on roots 
is reverse, where the rate of growth of root decreases when the ! 
concentration of auxin increases (Fig. 6'4). | 


(c Synthesis of Auxins : According to Wildman et al (194) | 
the auxin is synthesised in the living cells through a series of steps 
from an amino acid tryptophan which is universally present D 
plant tissues. The possible biosynthetic pathways for the synthesis 
of auxin (indoleacetic acid—IAA) in plants is shown below : 


6'9 


HORMONES 
Decarboxylation H 
—Tryptophan——— ——— — —-'Tryptamine 
(Ci3 H1 908 N3) JR 9s 
| Oxidative 


|, deamination 
Indole Pyruvic acid ———~ Indole acetaldehyde 


+NH3 
Nitrilase ; * 
Indole-3-acetonitrile——_> Indole acetic acid 
(IA A) 

Y R.NH(CH,COOH) 
Malonyl 
Tryptophan 
{This product Glucobrassicin 
blocks auxin 
synthesis 


(Lenk, 1963)] Glucose 


According to Kutacek et al ( 1960 ) Indole acetic acid may also 
be formed from a glycoside, ascorbigen on hydrolysis. 


Auxin produced Source of light- 
at this ste ii 


SS 
Se 
TSS 
RSs 


Growth in this side 
ismore due to 


CS 


2 


eG 


[AZ 


Fig, 6'4, The stem apex curves towards the source of light due to unequal 
distribution of auxin. 


(d) Sites of Auxin synthesis: The auxins are the metabolic 
products of plants and are universally present in all plants. Auxins 
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are synthesised at the growing apex of higher plant organs like 
Seeds, stem tips and in young expanding leaves. 


(e) Type of Auxin : In the plant body auxins usually exist 
in two forms e.g. (i) Free auxin: the portion is readily available 
by diffusion and moves freely for immediate effect. (ii) Bound 
auxin: the portion exists as an auxin-protein complex and is 
not readily available for immediate effect. This form of auxin 
after enzymatic action and hydrolysis is converted to active auxin. 
The bound auxins are referred to as auxin precursor. 


(f) Functions of Auxins : 


1. In relation to growth : 


(i) Cell Division: Auxin takes part in nuclear division after 
increasing the constituents of nucleic acid. (DNA) and thereby 
increases the rate of cell division. 


(ii) Cell elongation: Auxin softens the cell wall to increase 
the size and volume of the cells. During which the calcium linkage 
between the pectin chains is removed from the plant cell wall. 


(ii) Cambial activity: Auxin together with cytokinin initiates 
cell division with the cambium layer, where by secondary growth 
in thickness wil! take place. 


(iv) Callus formation : The permanent cortical and hypodermal 
cells in presence of auxin divides to form cluster of cells, where 
by callus, gall, tumour formation results, 


(v) Xylem formation: The thickening of the cell wall of the 
xylary elements takes place due to the influence of auxin. 


(vi) Apical dominance: The phenomenon by means of which 
the growth of the apical bud inhibits the devolopment of lateral 
buds is called apical dominance, When the apical bud is 
removed it stimulates the formation of lateral buds. Auxin helps 
apical dominance thus formation of an unbranched tree results. 


(vii) Increase in osmotic pressure and cell elongation: Auxin 
increases the synthesis of cell wall-materials. It softens the cell 


wall as a result excessive amount of water enters within the cell. 
The cell enlarges and increases in size. 


£^ 
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It shows that no growth is possible without the activity of 
auxin. 

2. Inthe control of tropic (phototropic and geotropic) 
ments (Tropism) : Tropism is a movement in a plant in which the 
direction of root and shoot growth alters according to the direction 
of stimulus. It is generally of two types, phototropism and geotropism. 

Phototropism : The growth movement of a plant in response to 
the direction of light is called phototropism. The auxin-effect in 
tropic movements have been effectively carried out by. different 
experiments on the curvature of Oat coleoptiles. 


More Auxin  LessAuxin 
(More growth) (Lessgrowth) 


move- 


Stemapex MoreAuxin less Auxin 


E 
x 
EJ 


Opposite Side of light 
| | | Ad | | 
| 


H| ~~. MoreAuxin 
<< (tess gronth}}, 


ET desee doi 


Auxin j 


Root apex More Auxin avin ZL1ess Auxin 
(Moregrowth) 
A B Cc 


Fig. 6'5, Light causes redistribution of Auxin in the apex of stem and 

root and thus causes unequal growth (curvature). 

CHOLODNY (1927) and WENT (1928) by their experiments. 
showed that unequal distribution of auxins on the two lateral sides. 
responsible for the curvature of plants towards the source of 
light ( which comes from one side). The unequal distribution 
of auxin on the two sides of the stimulated stem is due to light— 
induced lateral translocation of auxin (vide, Fig. 6'3). Auxin 
formation is inhibited by strong light whereby the concentration in 
the shaded side is much higher than the lighted side. This 
causes bending of the stem towards the direction of light i.e, 
positive phototropic curvature results. Destruction of auxin takes 
place by light, 
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But it has been noted that a solution of auxin (Indole acetic 
acid ) is perfectly photo stable. So the effect of light on auxin 
can not be a direct one. It 
must be mediated through 
light absorbed riboflavin 
( vitamin B, ), which may be 
present in many organs of 
the plant. Riboflavin leads 
to the destruction of auxin 
by light. The carotenoid 
pigments must probably 
prevent the photodecomposi- 
Root bends EA À ii tion of auxin by light. The 
be carotene provides a filter 
ed - leading to a gradient of 
increased concentration of 
auxin from the side on which 
light falls than to the other 
Tig.6'6. Experiment showing photropism. i.e. darker side. This 


explains the phenomenon of phototropism under the influence of 
auxin. 


——— M 


Geotropism : Growth movement of a plant in response to 
gravity is called geotropism. It is another. growth movement 


Root niii CEARTA | ge eg 
ry d 


less Auxin Less Auxin 
MoreAuin ¥ 1 | : URL More Auxin 
LessAuxin. Vengo) More Auxin 
(Moregrowth) (More growth) 


More Auxin 
(Less growth) 


Fig, 6'7. Gravity is thought to cause redistribution of auxin in the ape* 
| of root and stem and thus causes unequal growth. 
which also takes place due to unequal distribution of auxins. I? 
“tase of horizontal organ, accumulation of auxins takes place more 
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on the lower side than to its upper side. This unequal distribution 
of auxins cause the unequal rates of growth producing à curvature. 
As the roots are very much effective at a lower concentration (but 
stem is effective at a higher concentration ), the activity is much 
more on the upper side (less auxin concentration) whereby bending. 


Fig. 6'8. Experiment to demonstrate geotropism in root and shoot. 

(A) Bean seedling placed in horizontal position in the dark, (B) The shoot 
develops an upward ( negatively geotropic ) curvature, while the root develops & 
downward ( positively geotropic ) curvature. (O) Seedling rotated through 90°, 

(D) Old growth curvatures remain unaltered, new curvature develop. 


curvature results towards the source of stimulus ( in case of root 
towards the gravity i.e., positive geotropic curvature ) Soit is 
obvious that under the induction of gravity, laterai distribution of 
auxin occurs which influences the upper side of the stem, asa 
result a greater growth of the upper side of the root results causing 
a downward curvature of the root i.e. positively geotropic. Which 
explains the phenomenon geotropism under the influence of auxin. 


3. In the organ differentiation : Auxin helps in the differentia- 
tion of new organs. It promotes the development of buds, flowers 
etc. Florigen a kind of postulated hormone possibly helps in the 
formation of flower buds. 

4. In the fruit development: After fertilization due to 
chemical changes ovule develops into seed and ovary into fruit. 
During the development of seeds they release auxin into the 
surrounding floral parts, whereby growth of the fruit is 
stimulated. Sometimes auxin concentration increases before 
fertilization. Then the ovary transformed into fruit without 
fertilization. As seeds are not formed without fertilization 
hence no seeds are produced within the fruits. The formation 
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of fruits without pollination and fertilization is called 
parthenocarpy. Now a days it is possible to stimulate fruit develop- 
ment in flowers without pollination simply by the application of 
auxin (IAA) to the flower. Due to its effect seedless fruits are 
produced e.g. Banana, Papaya, Grapes, Tomato, etc. 

5. In checking leaf and fruit fall: In the shedding of leaves 
and fruits an important role is played by auxin. Young leaves 
and fruits remain firmly attached with the stem so long as 
‘they go on producing auxin. But when the formation of auxin 
ji decreases then the forma- 
tion of a special abscis- 
sion layer produced at 
the base of the leaf 
petiole or flowerstalk or 
fruit stalk. The process 
by means of which leaves, 
fruits or flowers are 
separated from the plant 
is called abscission. The 

wall of the separtion layer become softened and weaker, whereby 
they quickly break under slight strain causing the fall of leaves, 
flowers or fruits from the plants to the ground. In some plants, 
fruits fall down before ripening, which can be checked by the 
application of auxins by delaying the abscission. 

6. In root initiation: Increase in adventitious roots result 
from the margin of Bryophyilum ( B. patharkuchi ) leaves or from 
the base of the petiole of Begonia leaves by the influence of 
auxin, In many cases from the cut ends of the branches adventi- 
tious roots develop by the influence of auxin. 

7, Insex determinations The role of auxin is also noted in 

. the sex determination of plants. 


6:11. Gibberellins : 


Another important group of plant hormones are Gibberellins. 
Japanese plant pathologist Kurosawa (1926) observed that a soil 


aN 


Fig, 6'9, Abscission of leaves and fruits. 
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born disease called “foolish Seedling” or “bakanae” disease of rice 
seedling is caused by a fungus Gibberella. fujikuroi, which was 
responsible for extensive growth of the infected plants. He also 
showed that when a cell free extracts of the fungus applied on 
healthy rice seedlings, then elongation of the seedlings takes place, 
showing characteristic symptom ofthe disease. For this enhanced 
growth metabolic product of the fungus was mainly responsible. 
This active growth promoting substance has been named gibberellin 
by Yabuta (1935). Subsequent work by other workers like Brian in 
England and Stodola in the U.S.A. has resulted in the discovery of 
3 related compounds like gibberellin A,, gibberellin A,, and 
gibberellic aci (GAs). So far more than forty different gibberellins 
have been isolated and their characteristics noted. 

(a) Occurrence: Gibberellins generally occur naturally in 
maturing seeds, germinating seedlings, and in the growing tissues 
of expanding cotyledon or leaf, 

(b) Chemical nature: Gibberellins are colourless aliphatic 
acids and -are 5-ringed diterpenoids. 
Empirical formula of GA; is CygH, ,O,. 

(c) Synthesis of Gibberellins : The 

&possible precursor of the gibberellins is 
acetate. According to Birch et al (1958) 
gibberellic acid (GA) is synthesised 
from acetate via mevalonate ~ and 
geranylgeraniol. 

(d) Functions of Gibberellins : 

*Gibberellins influence cell division, cell 
elongation, flowering, fruiting, seed 
formation etc. The transportation of 
Gibberellin is not polar like auxin. It Fig, 610, Role of Gibberellin. 
is stransported in all direction from -A—Normal growth of a plant 
their site of formation. The activity B—Growth after application of 
of Gibberellin is given below : gibberellin, 


1. Gibberellin increases the number and size ofthe cells 
promoting internodal growth. : 
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2. Gibberellin influences leaves, flowers and fruits to increase 
in) size. 


3, It influences seed germination by removing dormancy of 
seeds. 


4. It influences the formation of seedless fruits (partheno- 
carpy). 


"5. QGibberellns in appropriate quantity causes the formation 
of male flowers, whereas low concentration of gibberellins favours- 
the formation of female flowers. 

6. Some flowers require light and appropriate temperature for 
flowering but under the influence of gibberellin such light and 
temperature are not needed. 

7. Gibberellins remove genetic dwarfism. 

"8. Gibberellins induce the synthesis of hydrolytic enzymes. 
such as amylase, protease etc, during germination. 


Table No. 6.2. 
Differences between Auxin and Gibberellins 


Auxin Gibberellins 


1. Gibberellins transported in 
from the apex to the base all direction from their site 
(polar transport). of formation. 

2. Auxin hastens the growth | 2. Gibberellins help in the 
ofapical buds but retards full manifestation of axillary 
the growth of axillary buds. buds. 

3. Auxinregulates tropic move- | 3. There is no role of 


ments, Gibberellins in tropic move 
ments. 


4. Gibberellins are non-nitro- 
genous substance. 


1. Auxin moves basipetally i.e. 


4. Auxin ( Indole acetic acid ) 
is a nitrogenous substance. 


612. Oytokinins; 


^ Another group of "plant growth hormones are the cytokinins. 
Miller et_al (1956) first isolated a group of active substances from 
| Yeast DNA which can stimulate cell division in plants. These 
P» substances Have been named as Kinetin because of their specific 


—— 


— 


— 
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effect on cytokinesis. Later on, the term Cytokinins is universally 
used to denote those substances which promotes cell division. This 
hormone is not acidic in nature like auxin and gibberellins. It is“ 
alkaline and is transported to distant places of the plant body 


before it acts or may be active at the site of synthesis. Cytokinins. 


in combination with auxins strongly stimulate mitotic cell division 
in the meristematic tissues of the plant body. These are water 
soluble and can be transported in all directions of the plant body. 


(a) Oceurrence : Most of the cytokinins have been isolated 
from fruits like tomato, apple, banana, etc. and endosperm tissues. 
Cytokinins are found abundantly in coconut milk. Corn seed 
contains a cytokinin, which is called zeatin. Such substances are 


also present in fruits and vegetative tissues. 


(b) Chemical nature: The chemical nature of the kinetin is 
6-furfuryl amino purine which contains carbon, hydrogen, nitrogen 
and oxygen. The empirical formula is Ci oHgN5O. 


(c) Functions of Cytokinins : Cytokinin acts in presence of 
auxin. 


1. Cytokinin induces cell division in plants. 

2. It helps in cell enlargement. 

3. It helps in the normal development of embryo. 
4. 


Cytokinin promotes the synthesis of protein, RNA and 
other essential substances. 1 


5. They also delay the senescence of leaves. 
6. It helps in bud development. 


7. Apical dominance can be counteracted ifthe cytokinin is 
applied externally. 


8. Cytokinin retards ageing of plants. 
9. [t stimulates the germination of seeds. 
10. It prevents immature shedding of leaf, flower and fruit. | 


1l. The other functions of cytokinins are the development of 


plastid from proplastid and to delay the destruction of chlorophyll 
of the detached leaves. 


Biology (1)—2 cuc comet il 
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Table No. 63. 


(A) Nature : 
1.) Organic acid— ` 
„Indole radicle ¿+ 
Auxin a (auxeno- 
^u)triolic acid) — 
sey Cy sH320s, 
'  Auxinb (auxeno- 
^^ lonic acid) 
o: 004 
and Hetero auxin 
(Indoleacetic acid) 
—C15H0,N 


1. 


2. Nitrogen free 
compound— ` 
Auxin a and 
Auxin b. Nitrogen- 
ous compound— 
heteroauxin. 


(B) Origin : 

3. Apical meristem 
of growing region. 
(C) Transport : 


4.4 Auxin transported 
basipetally i.e., polar 
transport 


(D) Functions : 
5, -Plays an active |25. 
role in cell division, 


6. Initiates adventi- 
tious root produc- 
tion at the cut 
ends of branches. 


6. 


Gibberellin 


Organic acid— 
5-ringed diter- 
penoids 

GA;-—C, 9H5506 


Nitrogen free 
compound. 


Germinating plant 
and cotyledons. 


Gibberellin 
transported in all 
directions. 


Plays no role in 
cell. division. 


Checks adventitious 


root production 
at the cut ends of 
branches. 


1. 


6 


Comparison between Auxin, Gibberellin and Cytokinin 


Cytokinin 


Organic alkali— 
6-furfuryl amino 
purine similar 
to adenine— 
C4, HgN53O 


Nitrogenous 
compound. 


Endosperm and 
meristem. 


. Cytokinin tend 


ported in 8 
directions Of 
may be active 
at the site ° 
synthesis. 


. Plays active role 


in cell division. 


Initiates adven- 
titious root pro“ 
duction at the 
cut ends 0 
branches. 


v —— -— 
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Auxin Gibberellin Cytokinin 

7. Auxinstops pre- | 7. Gibberellin does 7. Cytokinin does 
mature leaf fall. not play any such not play any 

role. such role. 

8. Auxin controls Gibberellin does | 8. Cytokinin does 
tropic movements not play any such not play any 
eg., phototropism role. such role. 
and geotropism. 

9. Role played on . No such role. 9. Apical  domi- 
apical dominance. nance can be 

counteracted. 

10. No such role. . It removes the |10, It stimulates the 


dormancy of the 
seed 


germination of 
seeds. 


613. Role of hormones in Agriculture and Horticulture : 

There àre various synthetic organic compounds now discovered 
"which when applied to plants give some responses which are not 
distinguishable from those of natural plant hormones. Those 
synthetic plant hormones help in a very low concentration in the 
regulation of growth and development of the plants, hence they are 
now widely used for obtaining better results in the field of 
agriculture and horticulture. Some of the uses of natural and 
synthetic hormones in the above fields are given below $ 


A. Effects on vegetative plant structures : 

(i) Role in the rooting of cuttings : Extensive trials have been 
done with the normal and synthetic hormones to find out 
"whether the formation of adventitious roots are possible in 
the propagation of plants by cuttings. There’ are’ some plants 
like China Rose . (Hibiscus), Rose (Rosa), etc. | which 
generally reproduce vegetatively. They are usually propaga- 
ted by cutting pieces of stem. When the cut stem piece is placed 
‘in moist sand, then adventitious roots come out from the cut end. 
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The rooting of cuttings now a days can be hastened by pretreating 

“the cuttings with powders or solutions containing synthetic” 
hormones like Indole acetic acid (IAA), Indole butyric acid 
-( IBA ), Naphthalene acetic acid (NAA). By the help of such- 
cuttings a large number of identical plants may be raised from a 
single individual plant for preservation of desired genetic pattern, 
generation after generation. 


(ii) Role in controlling cambial activity +: The secondary 
growth in thickness of stems and roots in woody plants take 
place due to the activity of cambium. The primary cambium 
( fascicular cambium ) and secondary cambium ( interfasicular 
cambium ) together forms the cambium ring. The activity 
of this is highest in spring, then it gradually declines and 
become lowest in summer. As a consequence, formation of annual 
rings result. According to Snow ( 1933 ), this rhythmic activity of 
cambium is closely linked with the hormone, Indole acetic acid. 
which stimulates meristematic activity in the cambial tissue. 


(iii) Role. in. callus formation and _ healing of wounds: 
Cambium performs another important function by forming 
callus or wound tissues for healing of wounds. There is a possibility 
of infection by some pathogenic organisms in any types of wound, 
specially during pruning of plants. To protect against such infection 
in the exposed area some substances come out of the wounded 
cells causing uninjured cells to become meristematic resulting 8 
the formation of callus or wound tissue, whereby healing of wounds 
takes place. For the formation of callus, hormones like auxit 
( Indole acetic acid ) are found to be very effective. 


(iv) Role in weed control: Unwanted plants are called weed 
which: can be effectively controlled by the application of synthetio 
hormones. | Weed: killing hormones are called herbicides. One of 
the ideal weed killer is the herbicide 2, 4—dichloropheno”y d 
acetic acid (2,4-D). Other herbicides sometimes used afe 2 
2— methyl, 4—chlorophenoxy acetic acid (M CP A) and 2 4 | 
5 trichlorophenoxy acetic acid (2, 4, 5 T ) The most effective 


| 
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way of applying these herbicide is in an aqueous spray on the 
foliage ( conc. of 1% —5 gallons per 1000 sq. feet ). 

(v) Role in the prevention of sprouting of potato tubers : 
The underground modified stem is the potato tuber which 
breaks dormancy at an early period causing quick loss of weight 
and decrease in the starch content, This creates a great problem 
to the agriculturists, To overcome this difficulty now a days 
synthetic hormones are applied. Guthrie ( 1938 ) showed that by 
dipping the potato tubers in Indole acetic acid solution, sprouting 
i.e., bud formation of potatoes can be inhibited. Another synthetic 
hormone methyl a-naphthalene acetate is also effective, in 
preventing bud formation. 


B. Effect on the reproductive structures of plants : 

(vi) Control of floral initiation: Sachs (1882) first suggested 
that control of floral initiation is a hormone controlled process. 
Hitchcock and Zimmerman (1935) first demonstrated that 
hormone could initiate flowering. By the application of synthetic 
hormone naphthalene acetic acid (NAA) over the vegetative 
bud of pineapple caused the induction of flower bud. 2,4—D 
also can induce flowering. 

Gibberellins have also been shown to initiate flower formation 
in some plants like Hyoscyamus and Samolus (Lang 1956). 


(vii) Control of fruit development ( Parthenocarpic fruit 
formation ): The formation of parthenocarpic fruits, (i.e. seedless 
fruits) can be induced by the application of TAA and IBA 
( Gustafson, 1936) in plants like squash, tomato, pepper, Petunia, 
etc. «Naphthalene acetic acid has also been found suitable for 


the development of seedless fruits in strawberry ( Gardner and 
Marth, 1937 ), 


(vii) Role iu the control of abscission layer: In most species 
9f plants a time comes when shedding of leaves and flower 
and dropping of fruits take place from the stem. The process 
of their removal from the plant is called abscission; which 
generally takes place by the formation of abscission layer. The 
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abscission layer in the form of thin plate of cells is formed at the 
base of the leaf petiole or fruit stalk. The celis of this layer 
"become softened and so weaker that they readily break from the 
plants by wind or by any other mechanical means. Abscission can 
be controlled by means of hormone. It has been observed that, 


when auxin production diminishes,then the abscission layer forms - 


It has been showed that by application of auxin, abscission layer 
T , er 
formation is delayed. Pre-harvest drop of fruits (apple, orange 


peaches, plums, etc.) causes serious reduction in yield of fruits. 50 


by the use of synthetic hormones like 2,4—D, NAA or naphthalene 
acetamide, fruit growers prevent preniature drop of fruits before 


they are ready for picking from the plants which is an economi 


cally important aspect in horticulture. 


^^ (ix) "Role in thinning of blossom and control of fruit produc 


tion: Plant hórmones are used effectively in thinning of blossom . 


and control of fruit production. In this case hormones reduce 


fruit set by removing some of the flowers. 


(x). Role in the fruit growth and maturation : Plant hormone | 


like Indole butyric acid can be effectively applied in the control 
of fruit size and their maturation, e.g., tomato. 


SUMMARY 


Starling in the year 1905 first proposed the namo of hormone Hormones " 


a ‘abe 
substances synthesised by a specific organ or localised groups of oolls which act at 


sio remote from its place of production, They are active in minute amount 
Natural plant hormones are auxins, gibberellins and cytokinins. Auxins ® 
synthesised inthe meristematic tissues situated in the growing apex of stem, leafs ® j 
Auxin plays an important role in the overall growthofthe plant io., in ° 
coll elongation, cambial activity, otc. Gibberellins generally ocour in mat 
germinating seedlings and expanding cotyledons or leaves. Gibberellins 
seed germination by removing dormancy of seeds, Oytokinins present 1 


ee | 
vegetative tissues and abundantly in coconut milk. Cytokinins help in the 


divisions and cell enlargement and also promotes the synthesis of protein, id 
eto. Plant hormones like TAA, IBA, NAA, 24, D, play an important Y? 
agriculture and horticnlture, 


1 
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THINGS TO REMEMBER 


1l. Plant hormones have been. referred to as “growth regulators" or 
"$rowth substances". 

2. For the normal and healthy growth and reproduction, in addition to 
carbohydrate, protein, fat, mineral salts, water and vitamins certain other unknown 
chemicals are also essential, which have been later on named as hormones. 

3.. Hormones are chemical messengers as they funotion at a site far away 
from its place of origin. 

4. The biologically active materials of plant origin that are effective in minute 
concentration at sites remote from the tissues where they are formed is also called 
phytohormones, 

5, Natural plant hormones are auxin, gibberellin and cytokinin, 

6. Plant hormone helps in the growth, development, cell division, bud 
formation, seed germination and stops premature leaf and fruit fall, and other 
physiological functions, 

7. Auxin is a kind of plant hormone which is produced by the tip of a 
coleoptile i.e., the apical meristem and also in the growing cells. 

8, Auxin-a (Auxenotriolic acid), Auxin-b (Auxenolonic acid) and Hetero auxin 
(Indole acetic acid) together called hormones, of which the former two are non- 
nitrogenous and later one is a nitrogenous organic compound. 

9. Auxin (Indole acetic acid) is synthesised from the amino acid tryptophan, 

10. Auxins usually remain in the plant body in two forms—free auxin and 
bound auxin, 

1l Auxin plays important roles in relation to the growth of plants, in the 
control of phototropic and geotropic movements, in organ differentiation, in fruit 


development (parthenocarpy), in checking leaf and fruit fall, in root initiation 
and in sex determination. 


12, Tropism are defined as growth movements, 

18. Phototropism is a growth movement in response to the direction of light, 

14, Geotropism is a growth movement in response to the pull of gravity. 

15. Another plant hormone is Gibberellin which occur naturally in maturing 
seeds, germinating seedlings and in the growing tissues of expanding cotyledon or 
leat, 

16. Gibberellins are non-nitrogenous hormones, 

17. Gibberellin influences leaves, flowers and fruits to increase in size and also 
seed germination by removing dormancy of seeds. 

18, Cytokinins, a nitrogenous compound, is another group of plant growth 
hormones, 

19. Oyitokinins in combination with auxins strongly stimulate mitotic cell 
division in the meristematic tissues of the plant body, _ ‘ 


‘ 


ANIMAL HORMONES 
—————— 
614, Endocrine system (Gr. endon, within ; Krinein, secretion) : 

It consists of a number of ductless glands which manufacture 
“chemical substances known as hormones (Gr. hormao, to atouse, 
to stimulate or set in motion). In plant there no such glands 
are found but the hormones are secreted from the specific tissues. 


“615. ‘Hormones of Invertebrates : 
Some important hormones of invertebrate are as follows : 


G) Neurohormones : In lower invertebrates, endocrine glands 
are absent. But presence of certain neurosecretory cells, 


$F MÀ 


a to. qu |o producing chemical 
ONOS TE ake messengers (hormones) 
: Sens "| 
i X Organ atl known as e | 
> 7 -Eyestalk ` mones, are seen. 118 
Vj D Ji») (Weurohormones ) id 
Wye 4 Ig) coelentarates, annelids, 
7 Vij We Vm Sinus gland frs j 


GULL. nematodes, crustacea 
Y Vj PB iiec inseets, etc. possess neu 


f j rosceretory cells which 
m Postcommissural organ 


secret neurohormones: 


"nc 
Jj 
C 


(Chromatophorotrophins) 
ii »atophoro 
A Suboesophageal ganglion (ii) Chroma op i 
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peptide neurohormone 
Gopad secreted from the ne 
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ndrogenic 9l. pem 
í Sparmafegerasis & Ma gland. It effects e 
Sex characte 
X - chromatophores ° 
i an 
Fig. 6'11. Cephalothorax of a generalized pigment cells 


j to 
orustacea showing the location of neuroendocrine enable the animal 


structures ( diagrammatic ). approximate itself with 
the colour of the surrounding where it rests. 


(iii) Crustecdysone: It is a molting hormone secreted from 
the Y-organs of crustacea. 


—— 
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(iv) Ecdysone : It is a steroid molting hormone (MH) secreted 
from prothoracic: gland of insects. The neurosecretory cells of 
brain of insects produce a prothoracic gland- -stimulating-factor 

(polypeptide) known as 
~ Heurosecrerory cells brain hormone or protho- 
x racicotrophin that evokes 
Corpus cardiacum the synthesis of ecdysone. 
It acts on the cells to 


Brain 


promote growth and 
differentiations leading 

| sei to maturation of the 
young. 

(v) Juvenile hormone : 
It is another hormone 
of insect secreted from 
corpora allata. Yt opposes 
metamorphosis and thus 


Fig. 6912, A diagram illustrating the prolongs the larval or the 
endocrine induction of larval molts 


and metamorphosis, 


pupal stage of develop- 
ment. 

(iv) Pheromones: The volatile chemical substances that are 
secreted by certain exocrine glands (secretion of these glands are 
carried by ducts) to the environment and influence the behaviour 
of other members of the same species are called phero- 
hormones. These substances evoke specific behavioural, develop- 
mental or reproductive responses in the recepient that are 
essential for survival. Sex attractants of moths and trail phero- 
mones of ants are typical examples of these substances. 


616. Hormones of Vertebrates including Human being : 


All vertebrates possess exocrine (duct) and endocrine (ductless) 
glands, The endocrine glands secrete several hormones, Some 
glands are composite in nature, having both internal and external 
‘secretion eg., testis, ovaries and pancreas. In comparison to the 
invertebrates the knowledge of the vertebrate endocrine system is 
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much more complete. The following structure in the human are 
considered as members of the endocrine system and their positions 


Fig. 618. Approximate location of endocrine glands in man and showing the 
relationship of these glands to adjacent structures. 


are shown in the Fig. 6-13, Pituitary (hypophysis), thyroid, para- 
thyroid, suprarenal gland (adrenal gland), Pancreas (Islet of 
Langerhan's), pineal body, thymus and placenta, They secrete 
different types of hormones. 


Local hormones ; Apart from these glands, there are a number of tissues 
in the body which liberate chemical substances. They act in a strictly localized 
manner. They are called local hormones because they are produced locally and 
only active near their sito of origin. They are never transmitted distantly: 


Example, Bradykinin manufactured In quite a number of sites. 
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617. Pituitary gland (Hypophysis) : 
Location? Pituitary gland is also known as hypophysis ( Gre 
hypo, under; physis, growth) because it is situated under 


Hypothalamus 


Median eminens 


Pars tuberalis 
i Infundibulum 


Par intermedia: 


farsdistalisz S 


Sela curaca Posterior Pituitary: 
Anterior pituitary (Neurohypophysis) 


(Adenohypophysis) 


Fig. 614. Diagram showing the location of the pituitary gland. 


the brain, It is enclosed within a small bony cavity, the 
sella turcica, of the sphenoid bone. A small stalk known as 
pituitary stalk attaches the pituitary with the hypothalamus. 

Divisions of pituitary gland: The human pituitary gland is 
small pea shaped gland weighing about 0'5 gm. According to 
development the pituitary gland or hypophysis consists of two 
parts, the glandular part adenohypophysis and neural part neurohy- 
pophysis. The former develops from the bud of the embryonic 
mouth epithelium whereas the neurohypophysis develops from the 
base of the brain and remains connected with each other. 


A. Adenohypophysis or Anterior pituitary : 


B is the glandular part of the pituitary and has three sub- 
divisions, (a) anteriorly the pars distalis, (b) medially the pars 
intermedia and (c! superiorly the pars tuberalis, The pars distalis 
and pars tuberalis are collectively known as anterior lobe. Pars in- 
termedia is absent in certain mammals such as whale, Indiam 


6'28 A TEXT BOOK OF BIOLOGY 


elephant and armadillo. The pars tuberalis has no endocrine 
functions. Pars distalis is the only functionally active part. of the 
anterior pituitary. 


Medianeminence 


Infundibulum 


Parsnervosa 


CRromophobe Cell Pars intermedia 


Basophilcell 
p Chromophil 
“Eosinophil ll] Cells 
(Acidophil) 


Fig. 6'15, Anatomical and histological structure of pituitary. 


Histologically pars distalis consists of non-secretory agranulated 
Chromophobe cells (50%) and secretory granulated chromophil cells. 
(50%). Chromophil cells are ‘of two types such as eosinophils or 
*-cells (15%) and basophils or B-cells (35%). The «-cell secretes 
STH and prolactin whereas the f-cell secretes TSH, ACTH, FSH 
and LH. The pars intermedia is composed of polygonal cells which 
secrete MSH. 


Almost all the hormones of the anterior pituitary gland exert 
their effects directly by stimulating the functional activities of 
other endocrine glands (target glands). Such hormones are 
called trophic hormones. However, trophic hormones also induce 
changes directly in some non-endocrine tissues ( target tissues ). 


Trophic hormones : Definition : Those hormones which control 
the functional activities of other endocrine glands (target glands) 
are known as trophic hormones (trophe ; to nourish), For example, 
thyroid stimulating, hormone (a trophic. hormone) secreted from 
the pituitary gland influences the secretion of thyroxin from 
thyroid (a target) gland. . In this way anterior pituitary by its six 
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trophic hormones perform a master role to control the functional 
activities of the other endocrine glands of the body. Thus, anterior 


Neurones of hypolthalmus 


Easinojni 


| 
| 
t 
2j 


Thyroid Adernal Cortex 


Fig, 616. Diagrammatic summary of the main actions of pituitary hormones, 


pituitary is sometimes called master gland, The trophic hormones 
of the pituitary are :— 


I. Somato Trophic Hormone (STH) or somatotrophin on 
growth hormone (GH). 

U. Thyroid Stimulating Hormone liist or thyrotrophin. 

III. Adrenocrotico-trophic Hormone (ACTH) or adrenocortico- 
trophin. 

IV. Follicle-Stimulating Hormone (FSH) 

V. Luteinizing Hormone (LH) or Interstitial Cell- Stimulating 
Hormone (ICSH) 
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VI. Lactogenic hormone or Prolactin or Luteotrophic hormone 
(LTH). 


Brief description of each trophic hormone are given below 1 


I. Somatotrophic Hormone or STH or Growth hormone : 


STH isa protein hormone secreted from the eosinophil cells of 
‘the pars distalis. 


Functions: 1. Effect on skeletal growth : It stimulates skeletal 
growth by stimulating multiplication of epiphyseal cartilageneous 
"bone. 


2. Effect on body growth: It stimulates for the growth of 
muscle, and other body organs. 


3. Effect on metabolism: STH is a protein anabolic 
(synthetic) hormone. It rises sugar level in the blood. It causes 
loss of body fat by mobilising depot fat. It decreases excretion 
.of sodium and potassium through urine, 


Hypo and Hyper functions of STH 


Hyposecretion of STH (hypopituitarism) in the young produces 
dwarfism. But more 
secretion (hypersecretion) 
of STH or hyperactivity 
causes following 
abnormal skeletal 
growth; (a) In young 
It produces gigantism 
(abnormal increase of body 
height which varies from 
7 to 8 ft, the limbs afe 
long. unusually, etc.) and 
(b) In adult—After 25 


Fig. 6'17. Diagram showing ion 

4A) Gigantism, (b) Dwarfism, (c) Normal years (i.e.; after the un 
adult man and (d) Normal boy. of epiphysis of the long 
bones) it causes acromegaly (enlargement of the hands, feet and 
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lower jaw, thickening of the fingers and subcutaneous tissues of 
hands, feet, scalp, nose, lips fore- 
head, etc. 


IL Thyroid Stimulating Hormone 
or TSH ( Thyrotrophin): Itis a 
water soluble glycoprotein hormone 
secreted from the basophil cells of 
pars distalis. TSH generally regu- 
late the growth of thyroid gland 
and maintains the synthesis of 
thyroid hormone. 


IIl. Adrenocorticotrophic Hor- 
mone or ACTH  (Corticotrophin) : Hig. 618. Acromegaly. 
Tt is a protein hormone secreted from the basophil cells of pars 
distalis It maintains the growth of adrenal cortex and stimulates 


the secretion of cortical hormones (particularly glucocorticoids 
‘and sex steroids). 


IV+V. Gonadotrophic hormone or GTH (Gouadotrophin) : 
The trophic hormone which has influence over gonads (ovary or 
testis) is called gonadotrophin. It is of two types, FSH or Follicle 
Stimulating Hormone and LH or Luteinising hormone. 


(a) Follicle Stimulating Hormone (FSH) : It is a glycoprotein 


hormone secreted from basophil cells of pars distalis. It has 
following functions = 


(i) In females : (1) It increases the weight of ovaries. (2) It 
helps in the maturation of immature (primordial) follicles into 
mature follicles called Graafian follicles. (3) It stimulates to secrete 
‘Oestrogen (estrogen) from Graafian follicles. 

(ii) Inmale: It stimulates the secretion of testosterone by 
Stimulating the interstitial cells of the testis. 

(b) Luteinising hormone (LH) or Interstitial cell stimulating 
hormone (ICSH) : It is also a glycoprotein hormone secreted from 
basophil cell of pars distalis. It has the following functions : 
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(i) In female: (D In presence of follicle stimulating hormone 
LH ruptures the Graafian follicle thus helping in ovulation. (2) It 
helps in the formation, maturation and persistence of corpus 
luteum. (3) It stimulate to secrete progesterone from corpus 
luteum, 

(ii) Inmales: It induces development of seminiferous tubules 
and spermatogenesis ‘process of formation of sperm). 


VI. Luteotrophic Hormone (LTH) or Prolactin : It is a protein 
hormone secreted from acidophil cells of pars distalis. 

It has the following important functions: (1) It initiates and 
maintains the secretion of milk from the breast. 

(2) It helps for the formation of corpus luteum and stimulate 
to secret progesterone. 

(3) It stimulates proliferation of normally thin crop sac and 
helps to produce "Crop milk"* in bird. 

7. Melanophore Stimulating Hormone (MSH) | It is a protein 
hormone secreted from the granulated polygonal cells of the 
pars intermedia. This hormone is also known as intermedin. MSH 
stimulates the integumentary pigment cells or chromatop^ores of 
most lower vertebrates, especially the poikilotherms. In amphibians 
the chromatophores contain black pigments known as melanin 
and these cells are thus known as melanophores. MSH in thes 
animals leads to dispersion of these granules in the branched 
melanophores. —— 

Regulation of adenohypophyseal functions : 

Secretory functions of anterior pituitary is regulated by hypothalamus. Ib hes 
been observed that hypothalamic axons which end in the capillary loops 9» 
the median eminence, liberate different typos of neurohormones callo 
releasing factors (RF), Thesemre (a) SRF (Somatotrophin—releasing facto) 
(b) CRF (corticotrophin-releasing factor), (c) TRF (Thyrotrophin-rolasir 
factor), (4) FSHRE (Follicle stimulating hormone-releasing factor), (e) L 
( luteinising hormone-releasing factor) anà (t) PRF (prolactin-releasing tacto? 


These releasing factors regulate to the secretion of STH, TSH, AOTH, FSH, 
and prolactin respectively. 


ons 
w Tt iba mass of desquamated cells of the epitheliam of crop 89° of pigeon" 


doves, etc, 
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B. Neurohypophysis or Posterior Pituitary : 


It is the neural division of pituitary and consists of (a) Pars 
nervosa (chief part), (b) median eminence (upper expanded part 
of neural stalk) and (c) infundibular stem. Anatomically the 
pars nervosa and pars intermedia is together known as posterior 
lobe of the pituitary. ; 

Posterior lobe : The three parts of the neurohypophysis are 
composed of similar tissues. They consist of (i) numerous 
unmyelinated nerve fibres, (ii) pituicyte—the branched cells 
(iii) nerve cells of different types, (iv) mast cell, (v) blood vessels 
and (vi) hyaline bodies. 

Hormones of posterior pituitary: The posterior pituitary 
releases two specific hormones (neurohormones) (i) vasopressin, 
also called antidiuretic hormone (ADH) and (ii) Oxytocin. 

Neurohormones : The Chemical substances which are secreted 
from the neuro-secretory cells of the nervous system and act as 
hormone are classified as neurohormones. After secretion they are 
teleased into the blood and activate cells at some distance from 
their point of release. Hypothalamic nuclei contain* neurosecretary 
cells. 

Neurohumours : The chemical substances (transmitters) which 
are released by the nerve endings are called neurohumours. 
The most common neurohumour is acetylcholin as it is released 
at most synapses as well as post-ganglionic nerve endings of 
parasympathetic nerves. Noradrenaline (norepinephrine) is another 
important neurohumour. secreted from the ending of the -post- 
ganglionic nerve of sympathetic nervous system. 


Origin, chemistry and storage of posterior pituitary hormones : 
The vasopressin (ADH) and oxytocin are two neurosecretory 
hormones of the posterior pituitgry. They are synthesised in the 
neurones of certain hypothalmic nuclei. They are protein in nature 


* Neurosecretory celis: Some neurones haye Geveloped.secretory functions 
io: guch an extent that they become morphologically distinguishable from other 
nerve cells, They are called “neurosecretory cells", ` 
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containing nine amino acids. After formation, the hormones comè 
along the axons (which connects hypothalamus and posterior 
pituitary) and are stored in granules accumulated at the axon | 
terminals situated in posterior pituitary. The two hormones are 
transmitted from the axon terminals to the capillary beds in the 
pars nervosa of post-pitultary. 


Functions of Vasopressin (ADH) : 


1. Antidiuretic action: With small dose vasopressin increases 
reabsorption of water from the renal tubules thus decreases the 
volume of excretory urine (antidiuresis). 

In absence of vasopressin in mammals causes diabetes insipidus. 
This {is a condition in which large volume of water are consumed 
and then lost by frequent excretion of urine (diuresis). 

2. Effect on circulation: In large dose it rises the blood 
pressure by causing arteriolar and capillary constriction. 

3. Effect on muscle: Vasopressin stimulates and contracts 
all the voluntary muscles in the body. It stimulates plain muscle 
of urinary bladder, ureter, intestine, uterus, etc. 


Functions of Oxytocin : 

1. Effect on uterus: Oxytocin secretion is enhanced during 
late period or pregnancy. It contracts pregnent uterus and thus 
helps in parturition (expulsion of foetus from uterus). 

2. Effect on milk ejection: With small dose oxytod? 
contracts lactating mammary gland of breast and helps in ejection 
of accumulated milk in the gland’s alveoli. 

3. Effect on sperm transport: During coitus, oxytocin helps 
in the movement of female genital tract and thus helps in tran 
port of sperm in the tract. 


6:18. ‘Thyroid gland ; 


Location: Thyroid glands are present in all vertebrates b 
they are quite variable with respect to shape and anatomi i 
position. In some lower vertebrates only thyroid follicles 47 


present. 
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In human, the thyroid gland consists of two lobes that lie on 
either side of the roof of trachea and are usually connected by 
athin isthmus extending over the anterior surface of the second, 
third and fourth tracheal rings. 


Colloid Follicles 


Follicular 
epithelium 


Fig. 6'19. (A) Location, (B) outer and (O) inner structure of thyroid gland. 

Structure: The thyroid is covered by two layers of fibrous 
Connective tissues. The normal thyroid of the adult weighs between 
25-40 gm. The thyroid consists of two fairly symmetrical lateral 
lobes. Each about 5X 2x 2 cm. in size connected by a strip of tissue, 
the isthmus. Each lobe consists of many follicles of variable sizes 
(Fig. 619C). Each follicle is lined by single layer of granular 
cubical cells and filled with protein material called colloid. Thyroid 
follicles contain lesser number of high cubical mitochondria-rich 
tells. These are called Parafollicular cells. 

Hormones of thyroid gland: The two types of cells found in 
the thyroidal follicles secrete three types of hormones. 


(i) Thyroxine Heo two hormones are secreted by 
(ii) Tri-iodothyronine f principal (cubical) cells. 


(iii) Thyrocalcitonin— Secreted by parafollicular cells. 
Functions of thyroid hormones : 


Thyroxine and Tri-iodothyronine are iodinated derivatives of 
tyrosin which is an amino acid. They are generally referred as 


thyroid hormones, Thyroid performs following functions through 
these hormones. : 


l. Effect on B.M.R: Thyroid hormones are known as 
calorigenic hormones because they increase oxygen uptake and 
Metabolism by the tissues and thus accelerate energy production, 
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2. Effect on metabolism: Thyroid hormone increases sugar 
level in the blood, In low dose it causes protein synthesis but in | 


high dose it depress protein synthesis. Thyroxine decreases serum 
cholesterol and phospholipids. 


3. Effect on growth: Thyroid hormones help in skeletal 


(bone), muscular, sexual and mental growth. 

4. Effect on cardiovascular system: Thyroxine increases 
heart rate, cardiac output and blood pressure. It dilates peripheral 
vessels. 

5, Effect on respiration: Thyroid hormones increase the 
utilization of Og and formation of CO. These effects increas 
the rate and depth of respiration. : 

6. Effect on gastro-intestinal tract: Thyroxine increases 
absorption of foods, secretion of digestive juices and movement of 
gastrointestinal tract.: 

7. Effect on breast: Synthesis of milk in the mammary gland 
of breast is maintained by thyroxine. It also increases the fat 
content of milk. ; 

$. Effect on blood cells: Thyroid hormone helps in the 
development of R.B.C. Hypofunctions of thyroid causes anaemia 

9. Effect on regulation of body temperature: By the calori 
genic effect of thyroxine, body temperature increase and thus 
it regulates body temperature. 

10. Effect of metamorphosis : The 
metamorphosis of tadpole into toad is 

one of the important functions of thyroid. 

Hypofunctions of thyroid. ( Hypo- 
.thyroidism) : 

Mal function or less secretion from the 
thyroid produces cretinism in young and 
myxoedema in adults, 

]. Cretinism: The most charac- 
teristic features of this defect are stunted 
growth,deformed bone and teeth, rough, . Fig., 6'20. Thyroid oret? 
dry, wrinkled skin ; bloated idiotic-look face, protruding umbilico 


——————— 
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pot-bellied abdomen, sex organs, Sex glands and sex characters 


fetarded structure, etc. 

2. Myxoedema : This 
disease generally occurs more 
in female than male. The face 
appears as swollen puffy 
oedematous and thus exihibits 
Mongoloid appearance. The 
other symptoms are dry thick 
skin, hairs falling from axilla, 
pubis and head, swelling of 
the tongue and larynx, sex 


e ENS. 


MM) f 


Fig. 6'21; Myxcedema. 


degeneration dullness and loss of memory, slowing of heart rate, 


dow blood sugar, etc. 


Hyperfunctions of thyroid (Hyperthyroidism) : 


The clinical syndrome is known as exophthalmic goitre or 


Fig. 6'22. Exophthalmic goitre, 


Graves disease. The charac- 
teristic features are the enlarge- 
ment of thyroid gland (swelling 
of neck), protrusion of eye- 
ball with less twinkling of 


` eyelids (it is due to deposition 


offat in retro-ocular region), 
decreased body weight, soft 
moist. and  flashed skin, 
increased heart rate and car- 
diac out-put, rise of blood 
sugar and sharp mental condi- 
tion. 


Thyrocalcitonin: It isa protein hormone secreted from the 
parafollicular cells (mitochondria-rich cells) of thyroid gland in 
Tesponse to rise of calcium in the blood. It was previously known 
as calcitonin. It isa blood calcium lowering hormone of thyroid 


Bland. 
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TABLE 63 


Comparison between auxin and thyroxine 


Auxin 

1. A plant hormone. 

2. Originated in the apical 
meristematic tissues and 
growing cells. 

8, It is synthesised from the 
amino acid tryptophan. 

4.. Transported through the con- 
ducting systems. 

5. It plays role on growth of 


plants, control of phototropic 
and geotropic movements, 
organ differentiation in fruit 
development, etc. 

6. No hyper or hypo effects. 


6:19. Parathyroid : 


m — 


Thyroxine 


1. An animal hormone. 


2. Originated from the thyroid 
gland. 


3. It is synthesised from the 
amino acid tyrosin. 

4. Transported mainly through 
the blood stream. 

5. It plays role in ener 
production, growth, develop 
ment, metamorphosis, etc 

6. Hyper or hypo effect 


i iseases. 
causes different dis 


| ESS Se e Ch 


jot 
Four small oval shaped glands are embeded in the posteri? 


d, 
Fig. 6'23. Diagram showing (A) The anterior surface of the wehi 
(B) Location of parathyroid gland at the posterior surface of the thy 


| 
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surface of the thyroid. Each measuring about 3x6x2 mm. in 
dimension and weighing about 30—35 mg. It consists of masses 
of epithelioid cells arranged around a net work of capillaries. 
Two types of cells : (a) Chief cells ( Principal cells) ; they are the 
secreting cells of the gland which secrete parathormone and 
(b) Oxyphil cells ( eosinophil cells ). 
Parathormone (PTH) : It is a protein hormone secreted from the 
chief cells of parathyroid gland. Its main functions are : 
(1) It increases amount of calcium in blood. 
age o It regulates the concentration of calcium ions of the body 
uid. 
(3) It increases rate of bone resorption with consequent 
mobilisation of calcium and phosphate. 
(4) It increases absorption of calcium from the intestine. 


(5) It increases reabsorption of calcium and excretion of 
phosphate from the renal tubules. 


Tetany: The deficiency of parathyroid hormone in the blood 
causes tetany. The sign and symptoms are as follows—fall of 
calcium (from 10 to 6 mg/100 ml) and rise of phosphate in the 
blood, neuromuscular hyperirritability, rapid and noisy respiration, 
increased heart rate, rise of body temperature, convulsion, etc. « P 


620. Adrenal gland (Suprarenal gland) : 


The human adrenal glands are roughly triangular in shape, two i 
in number and are situated on the upper pole of each kidney 


Adrenal gland 
(Suprarenal gland) 


Tue rm 


‘Adrenal gland c 


Fig, 6'24, (A) Location, (B) outer and (O) inner structure of adrenal:gland, 
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(at the level of 1st lumber vertebra’. Each gland has average 
dimension of about 25 mm widthx 50 mm. length x 5 mm. thickness 
and is surround by the fibrous capsule. The mammalian adrenal 
glands consist of outer cortex and inner medulla. 


A, Adrenal cortex 


The cortex consists of polyhedral epithelloid cells which are 
arranged ín three layers. (i) Zona glomerulosa, the outer layer 
(zone), (ii) Zona fasiculata, 
the middle widest layer and 
(iii) Zona reticularies, the 
inner irregular network rows 
of cell-layer. 

Hormones of adrenal cor 
tex: A number of cortical 
hormones are secreted from 
the cortex. They are grouped 
into three: (1) Glucocorti- 
coids: This group of hor 
mones mainly secreted from 
zona fasiculata. They include 
cortisol, cortisone and corti- 


Fig. 6'25, Diagram of internal struc- 
ture and arrangement of cell-layer 
in adrenal gland, 


costerone. 

(2  Mineralocorticoids * 
This group of hormones are 
Seereted mainly from zona glomerulosa, they include aldoster one 
and deoxycorticosterone (DOC), 

(3) Sex-steroids: These are 
reticularies, they include androgen, 


Functions of Adrenal cortex : 


1. Effect on carbohydrate metabolism : Glucocorticoids helP 
for the metabolism of carbohydrates. They (a) increase the 
formation of glycogen in the liver and muscles, (b) increase the 
formation of glucose from protein and fat in the liver, (c) increase 


secreted mainly from Z0nà 
oestrogen, progesterone, eto. 
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the glucose absorption from intestine, (d) decrease glucose 
uptake by the tissues. Thus by these processes sugar level in blood 
increase. 

2. Effect on minerals and water metabolism : Mineralocorti- 
coids increase reabsorption of NaCl, bicarbonates and water and 
depress that of potassium and phosphate by renal tubules. 

3. Effect on protein metabolism : Glucocorticoids break 
tissue protein into amino acids thus body proteins are lost and 
nitrogen exeretion increase. 

4. Effect on fat metabolism : Glucocorticoids increase the fat 
absorption from the intestine, they increase lipid and cholesterol 
level in the blood and decrease synthesis of lipid from carbo- 
hydrate. 

5. Effect on different systems : Glucocorticoids decrease the 
number of eosinophil and lymphocyte in the blood. Composition 
of blood, blood volume, blood pressure, etc. are regulated by the 
adrenal cortex. It also controls the bone formation, muscular 
activities, functions of nervous system and digestive system. 

6. Effect on enzymatic action: Glucocorticoids control the 
action of phosphatase and phos- 
phorylase enzymes and thus help in 
phosphorylation. 

7, Effect against various stress : 
Adrenal cortex provides resistance 
against physical and mental stress. 

8. Effect on arthritis : Cortisone 
( glucocorticoid ) has important role 


in curing some types of arthritis. 
9. Effect on inflamation and 
Fig, 6'26. St ition. 
allergy : Glucocorticoids have an’ g. 6'26, Stress condition. 


effective i : 
ective influence against any type of inflammatory and allergic 


‘syndrome, 


10. Effect on sex: Sex steroids help for the differentiation 


- Of sex in the foetus and growth of sex organs, sex glands and sex 
‘characters after birth. 
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Hypofunetions of Adrenal Cortex: Addision disease:  Insuffi- 
cient secretion of cortical hormones causes this disease. The most 
remarkable clinical features are pigmentation (bronzing) of skin, 
loss of muscular weakness, loss of appetite, vomiting, diarrhoea, 
fall of blood pressure, hypoglycemia, reduction of fluid and blood 
volume, fall of BMR, low body temperature, renal insufficiency, 
depression of sexual activity, etc. 

Hyperfunctions of Adrenal cortex: Over activity of adrenal 


Fig. 6'27, Cushing's syndrome. 


etc. in females, wasting of muscle, 
osteoporosis of bones, hyperten- 
Sion, hyperglycemia, increase of 


Na* and decrease of K* 
plasma, mental derangement, 


2. Adrenogenital Syndrome : 
It is due to over production of 
adrenal androgen. In females— 
the important features are— 
deepening voice, amenorrhoea, 
growth of beard and moustache, 
increased growth of muscle. etc, 


glands causes following clinical 
syndromes : 

1. Cushing’s Syndrome: It is 
generally due to excessive secretion 
of glucocorticoids. The important 
clinical features are—moon face 
(rounded face due to deposition fat 
on nose), fish like mouth with buffalo 
neck (characteristic pad of fat a 
the back of neck), excessive hair 
growth in male, masculinisation 
with growth of beard, and moustache 


in 


The defect is known as Virilism. Fig, 628, Adrenogenital’syndrome. 
In male—feminization, development of breast, atrophy of testis» 
etc. (not common) are the important features. 
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B: Adrenal medulla : 


The innermost part of the adrenal gland is known as medulla. 


It consists of densely packed polyhedral cells surrounded by blood 
sinuses. The cells contain chromaffin granules hence, they are 
known as chromaffin cells. Some of the cells secrete epinephrine 
and some secret nor-epinephrine. These are protein hormones. 


Functions of adrenal medulla : 


6. 


10. Effect on secretory functions : Adrenaline stimulates secreti 


A. Functions of epinephrine (adrenaline) : 


Effect on heart : Conductivity, contractility, heart rate and. 
cardiac output increased by the effect of epinephrine. 

Effect on blood pressure: It constrict all blood vessels. But it 
dilates coronary vessels and vessels of skeletal muscle: 

Effect on blood pressure : Blood pressure increased due to: 
above mentioned effects. 

Effect on respiration: It causes dilatation of bronchioles and 
increases the rate and depth of respiration. 

Effect on skeletal muscle: It increases excitability, contracti- 
lity and tone of the skeletal muscle. It causes delay in fatigue. 
Effect on smooth muscle: It inhibits the tone of the involuntary 
muscle present in the stomach, intestine and bronchiole. 
Intestinal movement is inhibited, it causes contraction of 
spleen, dilatation of pupil, etc. 

Effect on skin and and regulation of body temperature : Epine- 
phrine contracts the erector pilorum (muscle of skin) which 
causes erection (standing) of hairs. It constricts cutaneous 
vessels thus decreases flow of blood which prevents loss of 


: body temperature. 


Effect on kidney : It decreases renal circulation, thus decreases 
urine volume. 


Effect on metabolism : It increases blood sugar by stimulating. 
breakdown of liver glycogen, formation of glucose from. 


lactic acid (neoglucogenesis), etc. 


of saliva, lacrymal secretion, sweat (horse & sheep), etc. 
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. B. Functions of nor-apinephrine (nor-adrenaline) : 
Except for a few instances, the actions of epinephrine and 
mor-epinephrine are same. Norepinephrine is more closely sympa- 


thomimetic than epinephrine. 


621. Pancreas (Islet of Langerhans) : 


Pancreas is a composite or compound racemose gland because it is 
composed of both exocrine and endocrine glandular cells. Pancreas 


Stomach Liver 


Duodenum 
Duodenum 


PRES, 


isletof Langerhans] 


Pancreatic acini 


] T 629, Location, external and internai s&ruoturos of pancreas: 
is situated below the stomach and extends from the inner curvature 
of the duodenum: to the spleen at the level of 1st and 2nd lumber. 


islet of Langerhans 
Pencreatic acint 


Alpha cell 
Beta call Uer 


Fig. 6'80, Diagram of Islet of Langerhans 
showing the position of alpha and beta cells. 


The exocrine cells of panc- 
reatic acini secrete digestive 
juice called pancreatic juice. 
The endocrine cells are 
found in islet of Langerhans. 

A. Islet of Langerhans : 
These are groups of epithelial 
cells situated between the 
pancreatic acini. Two main 
types of cells are present in 
the islets of most vertebrates 
ie, <-cells (larger granular 
and oxypbilic) and 6-cells 
(granular and basophilic ). 


The «-cell secretes glucagon whereas the B-cell secretes insulin. 


DNN 
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(A) Insulins It is a protein hormone secreted from the 
£-cells of islet of Langerhans of the pancreas. 


Functions of Insulin : 


1. Effect on carbohydrate metabolism: This hormone is 
known as a hypoglycemic antidiabetic hormone because it lowers 
blood sugar by the following processes 4 

(a) Oxidation of glucose : Insulin increases the activity of the 
hexokinase in the cells and thus increases oxidation of glucose in 
the cell. 

(b) Synthesis of glycogen : Insulin stimulates for the formation 
and storage of glycogen in. the liver and muscle after taking. 
glucose from blood. 

(c) Neoglucogenesis : Formation of glucose from protein, fats, 
etc. (non carbohydrates) are inhibited by insulin. 


(d) Glucose permeability : Insulin increases the glucose entry 
through the cell membrane. 


2. Effects on protein metabolism : Insulin increases protein 


synthesis in the body. It prevents neoglucogenesis. 


3. Effects on fat metabolism : It decreases the lipid and 
cholesterol in blood. It prevents formation of ketone bodies in 
the liver. 

B. Glucagon: It is a protein hormone secreted from the 
«-cell of islet of Langerhans of pancreas. 

Functions of Glucagon: It has the following anti-insulin 
functions : 

1. Effects on carbohydrate metabolism : It stimulates to break 
the liver glycogen into glucose thus increases blood glucose level. 


2. Effects on protein metabolism: Glucagon hydrolysed 
protein into amino acids thus, nitrogen excretion through urine is: 
increased. 

3. Effects on fat metabolism : It increases the amount of 
fat and cholesterol in the blood. 
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Hypofunctions of Insulin: Due to less secretion or lack of 
insulin the stored liver glycogen gradually breaks down (glycogeno- 
Jysis) into glucose. In absence of insulin, the glucose cannot enter 
into the cell or cell cannot oxidise the glucose properly. Thus 
‘the amount of glucose in the blood increases. This is known as 
‘hyperglycemia. When the amount of glucose in the blood exceeds 
the renal threshold value (180 mg/100 ml blood), glucose appears 
4n the urine. This is called glycosuria. These conditions (hyper- 
glycemia with glycosuria) are collectively known as diabetic 
mellitus. 


622. Thymus; 


Thymus is partly an endocrine gland and partly a lymphoid 

‘structure It is situated in the anterior mediastinum in the adult. 

- Thymus is the largest gland relative to the body weight in the 

| foetus and in childhood upto puberty. After puberty it gradually 

, dnvolutes. Thus, it is known as temporary gland. It consists of 

"two fused asymmetrical elongated lobes. Each lobe consists of 
many lobules. Each lobule made up of numerous follicles. 


Hormone of thymus is Thymosin or thymin. 


Functions of thymin : (1) It forms lymphocyte (small) in foctal 
and post-natal life. (2) Itis involved in clinical conditions of 
autoimmune diseases. (3) It is in some way related to gonads, 


‘adrenals and thyroid. (4) It is involved in the regulation of 
neuromuscular transmission. 


623, Pineal body : 


Pineal body is a flattened cone-shaped, grey body attached by 
a short hollow stalk to the roof of the third ventricle. It is 
composed of parenchymal cells and glial cells (supporting cells) 
Hormones of pineal body is Melatonin. 


Functions: It is difficult to fix a particular function to pineal 
body, but it has some role on phosphorus metabolism, amino 
acid formation, gonadal functions, neuroendocrine functions, etc. 
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6:24. "Testis; 


Testis is the primary sex organ or gonad of male. It consists 
of two flat oval bodies that remain inside the scrotum. Each 
testis consists of many Vasdeterene 
lobules which are filled 
with convoluted seminiferous 
tubules. In between tubules 
dterstitial cells of Leydigi are 
present. 


Functions of testis : 
A. Exocrine function : 
The formation of spermatoza, 


a male gamete, = from 
Seminiferous: tubules of the 


testis is the exocrine Fig, 6°31, Internal structure of testis. 
function of the testis. 


B. Endocrine function : To secrete the testosterone. It isa 
male reproductive steroid hormone secreted from the intertitial 


cells of Leydig. All the functions of the testis take place by the 
testosterone. 


Functions of testosterone : 


1. Growth of sex organs: The penis, scrotum, testis, sex 
glands, etc. are developed in size. j 

2. Maintenance of secondary sex characters: In male, 
the growth of hairs on face, in axillae, on chest ; masculine body 
structure, voice and behaviour are influenced by testosterone. 

3. Effect on BMR : Testosterone increases BMR. 

4. Effect on RBC: It increases RBC count in male. 

5. Effect on protein metabolism: Testosterone is a protein 
anabolic hormone thus it helps in protein synthesis. 

6. Effect on water and mineral metabolism: Testostero 


-helps to retainNa*, K+, Ca**, PO,~ and water to some extent 
the body. 
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625. Ovary : 


Ovary is the primary sex organ or gonads of female. Ovaries 
are paired organs and oval in shape. It is situated one on each side 
near the free end of the Fallopian tube in the pelvic region of 
the body. Each ovary typically made up of germinal epithelium, 
stroma, Graafian follicie, corpus luteum and intestitial cells. 

Hormones of ovary: Two types of steroid hormones are 
generally secreted from 
ovary. Oestrogen 
(estrogen) and proges- 
teron. They X are 
seereted from Graafian 
follicles and corpus- 
luteum respectively. 


Functions of Ovary : 
A, Exocrine function : 
Fig. 6°32, Internal structure of portion of an ovary, The formation of ovum, 


the female gamete, from the Graafian follicle is the exocrine 
function of ovary. 


B. Endocrine function: The secretion of estrogen from 
Graafian follicles and progesteron from corpus luteum are the 
endocrine functions of ovary. Ovary maintain following functious 
through oestrogen and progesterone. 


Functions of Estrogen : 


l. Effect on sex organs: Oestrogen stimulates the develop- 
ment and growth of ovaries, uterus, fallopian tubes, vagina, etc. 
2. Effect om secondary ‘sex characters: Feminine body 


structure, breast development, menstrual changes, etc. are controlled 
by estrogen. 


3. Effect on menstruation cycle: Estrogen regulates the 
menstrual cycle* in female." 
* Menstruation: A periodic discharge of a sanguineous fluid from the 
uterus, occurring during the period of a woman's sexual maturity from; ipaberby 
(onset of sexual maturity) to the menopause (césation of reproductive life). !/ 
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4, Effect on bone growth: During puberty the growth of 
skeleton is due to estrogen. 
5. Effects on skin: It causes swelling of skin, deposition of 


fat in subcutaneous tissue under skin and leads to softness and 
smoothness. 


Functions of progesterone : 


l. Effect on sex organs and sex characters: In presence of 
oestrogen, progesterone helps for the full development of uterus, 
fallopian tube, vagina, breast, etc. 

2. Progesterone helps in the embedding of ovum in the uterus. 

3. Progesterone is essential for the development and main- 
tenance of placenta throughout the pregnancy. 

4. Progesterone stimulates the development of breast. 

Relaxin: It is a water soluble protein hormone secreted from 
the pregnent mammalian ovary, placenta and uterus. It helps to: 
enlarge the birth canal and thus help during delivery of foetus. 


626. Other hormones : 


In addition to above, there are certain other substances which 
Should be regarded as hormones, such as— 


I. Gastro-intestinal hormones : 


A. Gastrin: It is manufactured by the pyloric mucosa of the 


stomach from some products of protein digestion. It is protein 
hormone, Functions are—(1) It causes gastric motility. (2) It 
stimulates to secrete gastric juice, pancreatic juice and bile. (3) It 
Stimulates to secrete secretin from duodenal mucosa: 


B. Secretin: It is a protein hormone secreted by the duodenal 
mucosa in presence of chyme from the stomach. It inhibits gastric 
Secretion, 

C. Serotonin: This hormone secreted from enterochromaffin 
Cells in the intestinal mucosa, It inhibits gastric secretion. 

D. Enterogastrone and urogastrone: These two protein 
hormones are secreted from duodenal mucosa, They also inhibit 
‘gastric motility and gastric secretion. 

Biology (I)—4 
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IL. Erythropoietin: It is glycoprotein: hormone mainly 
secreted from kidney in response to hypoxia (low O,) and anaemia, 
Tt stimulates bone marrow to manufacture more R.B.C. 

III. Prostaglandins: In 1930 Von Euler obtain the chemical 
substances from prostate gland. He called them prostaglandins. 
Prostaglandins are active lipids ( 20 carbon hydroxy fatty acid) | 

_ Now-a-days they are obtain from many mammalian tissue, viz, 
lungs, thymus, brain, spinal cord, kidney, iris, menstrual fluid and 
placenta. They produce many biological effects such as lowering | 
the blood pressure, inhibit gastric secretion, transport of sperm in 
female genital tract, stimulant to smooth muscular activities, birth 
control, etc. 


SUMMARY 


‘Hormones ara organic chemical m:ssenger generally secreted from the different 


endoceine (ductless) glands in the animal body, The master gland is pisnitary 
(anterior) which secretes diffzrant typa of trophic hormones ie, STH, TSH, 
AOTH,FSH,LH ani LTH (Peolastia). Thyroid glaad sacrates thyroxine, 
‘adrenal cortex secretes different types of steroid hormones (corticoids). Insulin and 
glucagon ara two ho:mones saoreted from the pancreas. Tt has bean observed that al- 
moat all hormones increase the glacose level in the blood whereas insulin. 
decreases sugar level in the blood. Primary sex organs viz, testis and ovary also 
secrete the reproductive hormones, testosterone and oestrogen and progesterone 
respactively. In animal body some local hormones are found. These hocmones am 
secreted by the number of tissues in the body. The gastro-intestinal hormones 89 
gastrin, seoretin, serotonin, enterogastrone, eto. 


THINGS TO REMEMBER 


1. Neurosecretory cells secrete neurohormones. 

3. Neurohormones até the chemical substances which are secreted Io the 
neurosecretory cells, 

3. Neurohuinours à the! chemtosl substancos (epinephrine ani acetyl 
choline) secreted fromthe nerve endiags of sympathetic and pa rasy mpathetio porro 

4. Endocrine system is the systom which produces hormones. 

5. Juvenile hormone is the hormone of insect secretel from com"? 
allata ani Ecdysone is a steroid molting hormone generally secreted PY the pe 

6. Master gland ; Anterior pituitary is called master gland bacause ib pe 
the growth and activities of all other glands of body by its six types of toph 
hormones. 


4. Trophic hormones are thosa hormones which control th 


a sooretion D 
target (ductless) glands, Y 
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8. Local hormones; some tissues produce hormones which act locally. 

9. Adenohypophysis is the glandular portion of the pituitary i.e., anterior 
Jobe of the pituitary gland. 

10. Neurohypophysis is the neural portion of the pituitary i.e., posterior lobe 
of the pituitary gland. 

11. STH is the growth hormone secreted from the anterior pituitary gland, 

12, TSH is thyroid stimulating hormone secreted from the anterior pituitary 
which stimulate the secretion of thyroxine from thyroid gland. 

18, -ADH is the Anti-diuretic hormone (vasopressin) secreted from the posterior 
pituitary. It stimulates water reabsorption from distal renal tubules. 

1. GTH is the gonadotrophic hormone which composed of FSH (Follicular 
stimulating hormone) and LH  (Lutenising hormone) They regulate the 
tunotional activities of gonads. 

15. Thyroid is an endocrine gland in the neck which produces thyroxine, 

16. Parathormone is a protein hormone secreted from the parathyroid gland 
which regulates calciam level in the blood, 

17. Islet of Langerhans is the group of epithelial cells situated between the 
pancreatic acini. 

18. Insulin is a antidiabotogenic protein hormone secreted from the B-cell of 
islet of Langerhans. 

19. Thymin is the hormone of thymus gland, 

90, Puberty is the stage of development at which boy and girl becomes 
‘Sexually mature. 

91, Testis is the male reproductive organ producing gametes and sperm. 

39. Ovary is an organ which produces female gamet or Ovum. 


@ Graded Exercise 6 


A. Long answer type : 


1. What is hormone ? What are its functions ? Give the names 
‘of some well known plant hormones and state briefly their 
functions, 

9. What is hormone? What are the characteristics of 
hormones? Classify the plant hormones. 

3. Whatis auxin? Describe the sources, chemistry, type and 
functions of ib. 

4 Explain the role of hormone in movement curvature of plant. 

5. What do you mean by tropic movement f Describe what 
'you know about phototropism and geotropism. 


6. Demonstrate by simple experiment the site of formation 
‘and direction of flow of auxin in plant body. 

7. What is gibberellin? Who named it first? Discuss the 
various types of gibberellin, What are its practical utility ? 

8. What is cytokinin ? Mention its different functions. 

9. Describe the role of different plant hormones in agriculture 
‘and horticulture. 
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10. Define hormone? What is the name of the organism in 
the animal body which secretes hormone ? Why it is so called ? 

11. Show with diagram the approximate location of endocrine 
glands in the human body. 


19. Which endocrine gland is the master gland in your body ? 
Explain why the gland is known as master gland. 

13. What do you mean by tropism and trophic hormones ? 
Name all the trophic hormones in your body. 


14. What do you know about adenophypophysis and neuro 
hypophysis? Why they are so called ? 

i5. Describe the situation, external and internal structure of 
anterior pituitary. How hypothalamus regulates the secretion of 
adenohypophysis ? 

16. Describe the location and structure of posterior pituitary. 
Mention the name of hormones secreted from it. 

17. Where the thyroid gland is located in your body 7? Name 
the hormones secreted from it. Mention three main functions of 
thyroid. 

18. Describe the functions of thyroxine. 


19. Why adrenal gland is known as suprarenal gland ? Name 
the hormones secreted from this gland. What are the effects of 
hypo and hyper secretion of this gland ? 

90. Which part of the pancreas secrete hormone ? Name the 
Sources from where the secretion of different type of pancreatic 
hormones take place» 

91. What is insulin ? Explain why it is called antbi-diabetogenio 
hormone ? 

99, Name the two reproductive hormones secreted from the 
ovary. Describe its functions. 


93, Write the different sources of androgens secreted from the 
body. Discuss its functions, 

94, Define local hormones. Name with sources of diferent 
local hormones in your body. 


B. Short answer type : 


95. Define hormone? Mention the word from whore the torm 
hormone is derived. 

96. Mention the characteristics of hormone. : 

97. From which part of the plant body auxin is originated ? 
Mention three functions of it. 

98. Mention the fall names of IAA, IBA, NAD, 2, 4-D and G^ 

99, Why hormone is called chemical messenger ? 

30. What is phytohormone? Name two phytohormones: 

31. What are the chemical names of the auxin ? A 

39. Mention the chemical name of Gibberellin and cytokinin ? 


33. 
34. 
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What is parthenocarpy ? How it takes place ? 
What ara the sources of auxin ? What will happen if 


there is less quantity of auxin is secreted from the root of a plant? 


35. 
36, 


Name some artificial plant hormones. 
Name with sources the growth hormone of plant and 


human being. What will happen when these hormones are nof 
secreted properly ? 


37. 
38. 
39. 
40. 
41. 
42, 
43, 
44, 


C. 


55. 
56. 
57. 


What do you mean by trophic hormone ? 

What is tropie movement ? 

What is pheromone ? What is its functions ? 

What is neurosecretory cell? Where it is found in man ? 
Why pituitary gland is called master gland ? 

Why pancreas is known a8 mixed gland ? 

What is parafollicular cell ? What are its functions ? 
What is prostaglandins ? Name the different sources. 


Very short or specific answer type: 


Name two natural hormones of plant. 

Nama two artificial hormones of plant used in agriculture. 
Name growth promoting and inhibiting hormones: 

Who proposed the name of auxin ? 

Who first proposed the name hormone ? 

What do you know about target organ ? 

What will happen when an Oat coleoptile tip is decapitated 7 
Name two nitrogenous hormones. 

Who first discovered gibberellin ? 

What is parthenocarpy ? 

What is abscission layer ? 

Who first discovered cytokinins ? 

Who first showed the existence of hormone at the 


toleoptile’s tip ? 


58. 
59. 
60, 
61. 
62. 
63, 
64, 
65. 
66. 


D. 


67, 
68. 
69. 
70. 


What is Juvenile hormone ? 

Which part of the pituitary is known a8 master gland ? 
Name the hormones of the posterior pituitary. 

What is &hyrocalcitonine f à 

Name the diseases due to hypo-activity of STH. ; 
What are the full term of STH, TSH, LTH, PTH, FSH. 
Name hormone which is responsible for Diabetes mellitus. 
Mention the hormone responsible for diabetes insipidus.. 
Name two gastrointestinal hormones. 


Distinguish between : 


Mention the differences between hormone and enzyme. - 
What are the differences between Auxin and Gibberellins ? | 
Compare between free Auxin and bound Auxin. 

Distinguish between natural and artificial plant hormones. 
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91. Distinguish between Gibberellins and cytokinins. 

72. Compare phototropism and geotropism. 

73. Compare neurohumor and neurohormone. 

74. Distinguish between trophic hormone and local hormone. 

75. Compare between exocrine and endocrine glands. 

76. Write the differences between dwarfism and cretiniem. 

77. Distinguish between diabetes mellitus and diabetes 
insipidus. 


78. Compare between adrenaline and nor-adrenaline. 
79. Compare between oestrogen and progesterone. 
80, Distinguish between gastrin and secretin. 


E. Multiple choice : 


81. The term hormone was used by— Kogl/Darwin/Bayliss and 
Starling. 


82. Plant hormone/animal hormone—is known as phyto- 
hormone, 


83. Animal hormone is secreted from—endoorine gland/exocrine 
gland. 


84, The existence of plant hormone was first proposed by— 
Kogl/Oharles Darwin/ Went. 


85. Avena coleoptile test was done by— Charles Darwin/Francis 
Darwin/Bayliss/Went. y in! 

86. Phototropic movement is controlled by—auxin/gibberelll 
cytokinin. 


87, Parthenocarpic fruit formation is helped by—oytokinia/ 
auxin/gibberellin. 


88. Vasopressin is secreted from—hypothalamus/posterio® 
pituitary/nerve endings, 

89, Acromegally is the disease of anterior pituitary’s—hypofon® 
tion/hyperfunotion. 


90.. Blood calcium level decreases by—STH/parathormond 
calcitonin. 
91. Insulin—increases/decreases blood sugar. 


92, Tetany takes place when the amount of blood caleium— 
increase/decrease, 


93. The effect of relaxin is to—inorease blood sugar/gtimulat 
ovary/dilate birth canal for delivery of foetus. 


94. Ovum is known as—primary sex organ/secondary gos 
organ/gametes. 


95. Secretin is a local hormone secreted trom-—duodenuml 
stomach, 


96. Hormone secreted from Graafian follicle is known 997 
oestrogen/progesterone/androgen, 
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F. Write short notes : 


£7. (i) Phytohormone, (ii) Chemical messenger, (iii) Auxin, 
(iv) Gibberella fujikuroi, (v) Oytokinin, (vi) Went's experiment, 
(vii) Parthenocarpy, (viii) Absoission, (ix) Apical dominance, 
(x) Gallus formation, (xi) GA, (xii) Juvenile hormone, (xiii) Phero- 
hormone, (xiv) Master gland, (xv) AOTH, (xvi) TSH, (xvii) GTH, 
(xviii) Insulin. (xix) Acromegaly, (xx) PTH, (xxi) Cretiniem;. 
(xxii) Myxaedema, (xxiii) Cushing's Syndrome, (xxiv) Addison’s 
diseases and (xxv) Diabetes mallitus. 


6 Public Examination Questions from this Chapter & 


A. Long answer type questions $ 


1. What are the characteristics of hormones? Write about the 
biosynthesis of auxin. : (J.E E. '83) 
9. What is gibberellin ? Mention its site of origin and 
functions. (H. S. 79) 


3. What is hormone? Name one animal and one plant 
hormone and state any to characteristics of thom. ( H. S. '87 ) 


4. Name the important plant hormones. Write what you know 
about the role of plant hormones in agriculture and horticulture. 
(Trip. H.S. '80) 
5. Name four plant-hormones. Discuss the role of any one of 
them in agriculture and horticulture. * (Trip. HS. '83) 
6. State four characteristics of hormone. How does ih differ 
from enzyme? Name two plants and two animal-hormones with 
one function of each. (Trip. H.S. '84) 


, 7. What is gland? Show with diagram the position of human 
Pituitary, thyroid, parathyroid and adrenal gland. Name the 
hormones secreted from the thyroid gland and discuss their 
functions. ( Trip. H. S. '86 ) 

8. Define hormone? Give example of one plant and one animal 
hormone with their functions. (H.S. 78) 


9. What is hormone ? Describe briefly the functions of eny 
three hormones in human body. (HS. '86) 

10. Why pituitary gland is known 88 “master gland or chief 
gland” of endocrine glands? Where it is present ? Name the four 
hormones secreted from it. ( Trip. H. &. '82) 


11. Name the different hormones secreted from posterior 
pituitary. State the normal and hypofunotions of those hormones. 


- (9 E.E.'86) 
19. Whatis STH? From where does STH'secrote ? What are 
the main functions of STH ? ; (J.E.E, '83) 


18. State the name and position of gland which secretes 
thyroxine, What is the effect of its overactivity? (Trip. H.S. ’83) 
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14. Describa the origin and functions of thyroxine. (H.S. 79) 
15. What is Glucagon ? From which gland and its cells it is 
‘secreted ? What is its functions ? (J. E. E. *86) 
16. How hormones act on the target organs? State the sites 
of synthesis and functions of auxin and epinehrine. (J. E. E.’87) 
17. Name two plants which carry out only vegetative mode of 
reproduction, Why is the vegitative reproduction more "ERN 


B. Short answer type questions : 


18. Name twoglandsin the human body, which have b oth 
endocrine and exocrina functions, J.E. E. 8n) 
19. Mention the site and functions of Gibberellins. (HS. 19) 
20. What do you mean by trophic hormone ? (Trip. H.S. 30) 
21. What is neurohormone ? Mention the name and gouro 
‘of the neurohormones. (Trip. H 8. ie 
22. Briefly state the functions of testis, (A. E.E. '81) 


C. Very short or specific answer type questions : 


23. Name an important plant hormone and an animal hormone. 
> (J.E.E. ’84) 


24. What are the full name of CTH and ADH ? ( H. S. '87) 


25. Name the hormones which are secreted from Tale of 
Langerhans. (J.E. 


26. From where insulin is secreted ? What are its functions? 
27. What are the ovarian hormones ? (4. E.E. 83) 


D. Distinguish between : 

28, Distinguish between auxin and thyroxin. (H.S. ‘sf 

29. Distinguish between Androgen and Osstrogen. ( H. S. 8n) 

E, Write short notes : 

30. (i) Auxin (H, 8S. '87) (i) GA (Trip. H. S. 84 d 
(ii) Neurohormone ( H.S.'80), (iv) AOTH (Trip. H. S. '84) 
(v) Insulin (H, S. '84), (vi) Placenta (J. E. E. '87) 


—— 


HEREDITY 


Syllabus: Definition, Mendel’s experiment, monohybrid and dihybrid cross 
(cite one example from plant and one from animal) ; Mendel’s law. 


T1. Introduction : 


The term 'genetics' was given by Batesan (1950), which is often described as a 
science connected with heredity and variations. Heredity includes such 
characteristics or traits which are transmitted from one generation to 
other generation, The word ‘genetics’ is derived from the Greek word gem, 
which means “to grow into". Variations are the differences noticed among the 
individuals of species. These are mainly of two types—(i) hereditary and 
(ii) environmental. The variations in the inherited characteristics are the 
hereditary variations, which are observed in the progenies of different parents as 
Well as in the progenies of.the same parents. Variation plays an important role 
in heredity as they are transmitted from one generation to the next. Thereby 
variation behave as raw material for evolution. The different parental characters 
are revealed within their childrens. Body characteristics like wavy hair, brown 
eyes, baldness, dimpled cheek, etc. are transmitted through heredity. 

Environment plays a part in environmental variation. Such variations are 
temporary which usually does not play any part with the next generation. The 
hereditary variations between the parents and progeny as well as among the 
Progenies of the same parents are mainly observed in these organisms which 
"teproduce sexually. . 


The science of heredity and the principles governing the. inheri- 
tance of characters from parent to the progeny i.e» offspring is 
called genetics. 


T2. Mendel—the Father of genetics : 

The first scientific background regarding transmission of 
characteristics from generation to generation came from the work 
of Austrian monk, Gregor Johann Mendel (1822-1884). Mendel 
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performed several experiments from the year 1858-1866, in connec- 
tion with hybridization by taking edible pea plant. (Pisum sativum) 
as one of his experimental materialin the 
garden of a church, now in Brno, 
Czechoslovakia. His idea behind those 
experiments is to get an idea about the 
process of heredity. He is, therefore, 
regarded as "the father of genetics” for 
his outstanding discoveries. With the help 
of experiments on garden pea, Mendel was 
able to propound two basic laws, which : 
explains the manner how inheritance of Fig. T'l, Gregor Johann 
Characters take place from one generation Mendel 


E 5, 
tothe next. These laws are now collectively known as Mendel's 
laws of inheritance. 


Mendelism : Mendel’s excellent experiments, valid analysis and 
formation of laws of inheritance are collectively called Mendelism. 

Mendel’s work containing his discoveries was first published à 
the year 1866 in an ordinary Journal, *Brunn Society of Natural 
Science" in the name “Experiment in plant Hybridization”. But 
his contribution remained unnoticed until 1900, when his lani 
were rediscovered by three European Botanist—Hugo De Vries 12 
Holland, Carl Correns in Germany and Erich Von Tschermak in 
Austria. They varified the experiments of Mendel and due to 
their effort the discovery of Mendel and its significance came to 
the knowledge of other scientists. The laws of inheritance 4? 
Proposed by Mendel now-a-days considered as the foundation of 
heredity and genetics, 

T3. Contribution of 
Genetics : 


some Scientists in advancement of 


(i) Strassburger (1875)—During cell division the separated 
rod like bodies from nucleus are named chromosomes: 


(ii) Hertwig—Sperm (n) and egg(n) unite in the process of 
fertilization. 
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(ii) Henking (1891)—First investigation relating chromosome 
to sex. 1 
(iv) Hugo De Vries (1901)— Proposed mutation theory (sudden 
unpredictable permanent change in the hereditary material called. 
mutation). 

(v) Sutton (1902)—The behaviour. of chromosomes and the: 
Mendelian segregation of genes are parallel. 

(vi) Sutton and Boveri—Proposed chromosome theory ‘of 
herdity. 

(vii) Bateson and Punnett (1906)—Demonstrated linkage by 
taking sweet pea as an experimental material. 

(viii) T.H. Morgan (1911)—Linkage was explained, he pro- 
posed the theory of crossing Over by taking Drosophila (fruit fly) 


as an exeprimental material. 


(ix) H. J. Muller (1927\—Artificially induced mutation (i.e. 
hereditary effects of X-rays on genes) by the application of X-ray, 
on Drosophila (fruit fly) as an experimental material. Awarded. 
Noble Prize in the year 1946. 

(x) G. W. Beadle, E. L. Tatum and J. Lederberg (1941)— 
Awarded Noble Prize in 1958 for their research work in the 
biochemical basis of Mendelian inheritance. 


(xi) Srb and Horowtz, Tatum and Beadle—-Proposed the one 
Zene—one enzyme or one gene—one primary action hypothesis. 

(xi) S. Ochoa and A. Korenberg — Obtained Nobel Prize in. 
the year 1959 for their work on RNA and DNA. 

(xiii) J. D. Watson, Crick and Wilkins (1953) (Fig. 3°19) 
—Proposed a model for the structure of the DNA (Deoxyribo 
nucleic acid) molecule. Awarded Noble Prize in the year 1962. 

(xiv) F. Jacob, J. Monod and A. Lowff Obtained Noble Prize 
for their research work on the chemical basis of genes. 


(xv) M. W. Nirenberg, H. G. Khorana, R. Holley: (1968)— 
Awarded Noble Prize for their work on the potraying of the: 
genetic code and synthesis of polypeptide; using artificially” 
synthesized mRNA. (for more information see page 142) 
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7'4. The reasons behind the success of Mendel : 

(a) Mendel continued his experiments at a stress to accumulate 
a good deal of data to have statistical significance. 

(b) He used mathematics to analyse the results before 
making any forecast, 

(c) He used many identical matings through suitable tests and 
by repeating the experiments he subsequently confirmed the 
forecast. 

(d) Mendel executed the experiments with extreme care and 

dealt with only one or two pairs of contrasting characters to 
-attend the result. i 

(e Mendel performed his experiments when biologists a 
unaware of the chromosomes, about the processes of cell division 
and even the union of gametes during sexual reproduction. : 

He simply on the basis of his breeding (hybridization) expert 
ments came to several conclusions which later on constituted the 


; s 1 ity and 
foundation of the modern Science of genetics, the heredity 
variation, 


^ as one 
TS. Why Mendel selected garden pea (Pisum sativum) 25 9 
of his experimental material ? 


After considering a large number of possible plant taking areal 
‘care Mendel chose garden pea as a subject as one of his exper 
mental plant material, since it had the following advantages— 

() In habit it is an annual plant. ple 

(ii) It has well defined easily observable and counta 
"Characters, 


ea 
(iii) Any variety used was pure forthe characters the P 
plants carried. 


(iv) It could be grown easily and crossing could be done 
without any difficulty, A 

(V) It possesses bisexual flowers with both male and female 5 
"Organs. —— 


tiv 
(vi) Predominantly they are self fertilized as the reproduc 
Parts are covered within the petals of the flower. 
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(vii) The reproductive parts are larger and can be handled. 
without any difficulty. 
(viii) Hybridization can be done very easily. 


(ix) It had pure lines due to natural self fertilization for a 
number of years. 


(x) The hybrid plants obtained from a cross between two 
varieties of pure plants are completely fertile. 
T6. Mendel's Experiment : i 


Mendel started his famous garden pea: (Pisum sativum). experi- 
ments in a space in the monastery garden. Mendel self-fertilized 
those plants before performing real breeding experiment and 
obtained pure parental varieties. These plants are designated as 
true breeding plants. Mendel chosed those true breeding pure 
patent varieties with contrasting pairs of characters for his 
breeding (hybridization) experiment. As the pure plants are 
homozygous in their gene element, they produces one kind of 
gamete. In such hybridization experiment the pure plants showing. 
contrasting characters that have been used initially are referred. to 
as the parents or P,. The population obtained due to crossing of 
the parents is known as the first filial generation or Fy generation. 

Mendel from different sources obtained seeds of thirty four 
different varieties of pea plants, out of which he had chosen twenty 
two varieties for his hybridization experiments. Again from those 
twenty two varieties, seeds of seven pairs of contrasting characters 
Were chosed. The following are the characters selected and 
Studied by Mendel : 

G) Seedshhpe: Either smooth (round) or wrinkled. 


(ii) Colour of the seed endosperm (cotyledons) : Yellow or- 
Teen. 


(iii) Colour of the seed coat: coloured with purple (violet) 
flowers or colourless with white flowers, 
(v) Form.of pod type; _ Inflated or constricted. 
(V) Colour of unripe pods: Green or Yellow. 
(vi) Position of flower: axial or terminal. 
' (vii) Length of the stem—Tall or dwarf. 
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77. Crossing technique : 

The anthers of the garden pea should be removed before 
maturity as the flowers are self-fertilising. The process by means 
„of which the anthers (male reproductive parts) are removed from 
the flowers is called emasculation. After that with the help of a 
paper or calico bag the stigma is protected so that no f reign 
pollen grains can reach it. The pollen, then at the dehiscence 
stage is collected from the plant to be used as male parent. By 
the help of a fine camel hair brush the pollen grains are dusted 
sto the stigma of the female parent after removing the bag of that 
female flower. This is done to check contamination of foreiga 
pollens which may be carried by bees and other agents. 

After artificial pollination is done, the seeds are allowed to 
mature on the parent plants. The hybridization experiments are 
performed through several generations. 

For each of the above mentioned seven pairs of characters, 
plants with one alternative trait were used as male and those with 
the otber alternative as female. Reciprocal crosses were also 
done. For example, in case of the length of the stem, tall pe? 
plants may be used as female and dwarf pea plants as male. In the 
reciprocal cross the dwarf pea plants will be used as the female 
parent and the tall pea plants as the male parent. The utility of 
reciprocal crosses is to find out whether equal contributions of 
characters are made by both the parents. 

The population gained as a result of crossing parental plants 
showing contrasting characters is called the first filial generatio? 
or F,. The progeny obtained from F, plants due to self-fertiliza” 
tion represents the second filial generation or F,. In this manner 
F3, F, etc. can also be attained. 

78. Terminology : 

(1) Gene—Genes are the important functional hereditary 
‘determiner which determines a biological character of an organism 
"These are mutable units and can exist in several alternative forms 
“Gene is an ultramicroscopic portion of DNA which inherits 2 
«hereditary trait from the offspring to the progeny. 
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2, Mutation—Sometimes a gene 'can undergo permanent 
change to produce a new character instead of normal character. 
Thus the permanent change in the hereditary materials is termed as 
mutation. The new characters are called mutated trait. The 
gene which undergoes mutation is termed as mutated gene. 

3, Locus: A specific gene of a specific chromosome is 
“present in a specific region. That part of the chromosome is 
called the locus of that particular gene. 

4. Alleles or Allelomorphs (Gr. allelo=eachother ; morphe— 
form). Any pair of homologous chromosomes can bear in the same 
locus a mutated gene and a normal gene. Each character had its two 
alternative appearance of traits eg., length of the stem : tall (T) or 
dwarf (t). Such contrasting pairs of different characters having the 
same locus in the homologous chromosomes are known as alleles 
orallelomorphs. The allelomorphs denotes alternative form of 
the same gene. 

5. Homozygous and Heterozygous: An individual having 
only one allele or in other words two identical genes affecting a 
trait is known as homozygous (TT or tt). An individual having 
two different genes affecting the same trait is known as hetero- 
zygous or hybrid (Tt). 

In pure talls or pure’ dwarf pea plants, same allele (gene) is 
duplicated (TT ortt), but in case of hybrid tall both the alleles 
(genes) will remain present (Tt). 

6. Phenotype and Genotype: The visible characteristics of 
an organism is called phenotype. The term is proposed by 
Johansen (1911). The genetic materials that an organism inherits 

: from parents is called genotype and therefore represents the genetic 
constitution or breeding behaviour of an organism. 

7. Monohybrid cross and Dihybrid cross: When in a cross 
one pair of contrasting characters (a pair of alleles) is considered 
ona then such cross is known as monohybrid cross. 

oss between a tall (TT) and dwarf (tt) pea plants. 
be a E a cross two pairs of contrasting characters ( two pairs 
are considered at a time, then such cross is known 
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as dihybrid cross. Example—cross between two pea plants with 
yellow round (smooth) and green wrinkled seeds. 

8. Dominant and Recessive: The trait or factor which 
appears in the first filial or F, generation even though the other 
trait or factor is present after crossing two pure varieties of 
plants, is known as dominant. The other character which remains 
in suppressed condition and does not appear is known as 
recessive. 

Symbolically, capital letter is used for the dominant factor 
and smallletter is used for recessive of that particular trait.. 
Example— T stands for tallness, t for dwarfness, R for round and 
w for wrinkled. 

9. Reciprocal crosses: When two same parents are crossed 
in such a way that if in one experiment ‘A’ is used as the female 
parent and 'B' is used as the male parent and in another 
experiment ‘A’ is used as the male parent and 'B' is used as the 
female parent then it is called reciprocal crosses. 

10. Backeross and Testeross : The F, individuals are obtained 
after crossing a variety carrying a particular trait with another 
variety carrying its contrasting trait (i.e., from Parental generation). 
The cross of F, individual with either of the two parents is known 
as backcross, 

When plants obtained in F; “generation is backcrossed with 
the dominant phenotype parent then in the progeny no recessive 
individuals are obtained.’ But when Plants of F, generation is 
backcrossed with the recessive parent then in the progeny both the 
phenotype will appear. When only the cross is done with recessive 
parent then it is called testeross. It is used to test whether an 
individual is pure (homozygous) or hybrid (heterozygous). 

1l. Mendel's Laws : There are two laws formulated by Mendel 
out of bis experiments : 

(i). Law of Segregation : This is the first law of Mendel, which 
States that “allelic genes ( factors for contrasting character) in d 
zygote do not blend or contaminate each other but segregate and 
Pass into different gametes”, This law can be explained out of 
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monohybrid experiment. In that experiment in the F, generation 
the hybrid type (formed in the F, generation) breaks down into 
parental and hybrid types, which is known as segregation. 


(ii) Law of Independent Assortment : This is the second law 
of Mendel deduced from the dihybrid cross which states that the 
different pair of alleles assorting in an independent manner and 
segregate from each other. This Principle is known as Mendel’s 
second principle or the law of independent assortment, which 


holds good for two or more than two pairs of contrasting 
characters, à 


12. Gene pool: The collective name of all genes of a living 
race or populations is known as gene pool. 


13. Genome—The whole haploid (n) chromosome set found 
in the gametes is called as genome. 


79. Mendel's Monohybrid cross (Gr. monos, one ; hybrida, 
nixed offspring! s 


A cross between two parents of which a variety carrying a 
Particular trait or character with another variety carrying its 
Sontrasting trait or character is termed as monohybrid cross. 
Mendel tested individually’ all the seven pairs. of contrasting 
characters performing monohybrid experiments with each pair of 
traits or Characters, Thus he crossed a variety carrying a particular 
trait or character with another variety bearing its constrasting 


trait. This is called monohybrid experiment or monohybrid cross. 


Mendel crossed a tall variety (1°8--2'1 m. high) of Pea plant 
ha dwarf variety (22°5—45 cm. high) of pea plant. From this 
Cross he obtained all tall plants. The first cross between two 
Varieties is called the parental or P generation and offsprings 
Produced out of that cross is called first filial (L. filial, progeny) 
9C E, generation, In the F, generation Mendel obtained only 
One type of plants ie. tall plants. No dwarf pea plant obtained 
tall. When these F, plants are crossed among themselves, then 
sing trait or character again come into sight. 

Biology (1)—5 
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In a total number of 1064 pea plants, 787 were tall plants and 
271 were dwarf plants in the Fg generation or second filial 


RECESSIVE 


Wrinkled 

Dep Yellow Green 93 

E white 
shape Constricted ef. 


Fig, 7'2. Seven pairs of characters used in Mendel’s experiments 


| 
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generation. This showed that about 75% (8th) of the plants were 
tall and 25% (ith) were dwarfs, Therefore it comes approxi- 
mately to a ratio very close to 3 (tall) : 1 (dwarf), This externally 
expressed ratio (33 1) is called the phenotypic ratio. Mendel 
crossed the F, generation plants for third filial generation 


or Fs generation. When all the dwarf plants of F generation, 


were self-pollinated then it give rise to only dwarf plants inthe F, 


Standard 
(two petals) [\ 


Fig. 7'3, Diagram of pea flower and its different parts. 
generation. 25% (3rd) of F, tall plants produced only tall plants i.e. 
breeds true but other 50% (2rd) of Fo tall plants on self pollination 
Produced tall and dwarf plants in the ratio 3: Lin F; generation. 
Therefore in a monohybrid cross the genotypic ratio is 1 : 2:1. 

The following three important consideration can be deduced 
from the above monohybrid experiment of Mendel — 

(a) From a cross between two different traits or characters, 
the F, generation plants obtained showed only one trait ov 
character. 

(b) Whatever may-be the parents, the reciprocal cross always 
Produced the same result. 

(c) the trait or character which remained c 
generation, reappeared again in the F, generation wi 
9f only 25% (1th) of the total number of plants produced. 


oncealed in the Fy 
th a frequency © 
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Mendel called this determining agent as a ‘factor’ (now-a-days 
called genes) Therefore the trait or-character which appears in 
the F; generation, although the other trait or character is present, 
is called dominant and its alternate trait or character is called 
recessive. Capital letter is used symbolically for the dominant 
trait and the corresponding small letter for the recessive of tha 
particular trait. As for example, T stands for tall and t stands for 
dwarf ; S stands for smooth and s stands for wrinkled. 


Mendels monohybrid experiment taking tall and dwarf pea 
plants can be represented as follows by taking the above symbols : 


Parents Pure Tall X Pure Dwarf 
gametes (r7) TPX (t) 
F, Generation (se) (te) 
Hybrid Talt Hybrid Tall 


fo Generation 


Pure Tall H Pure Dwarf 


I 
‘ ly brid Tall 


Board 


Fig. T4; |Monobybrid experiment by Mendel showing the result obtained in 


tall and dwarf cross with checker-b ard, 
The above experiment shows that the tall and dwarf pea p 
of the parental generation (P) were both true breeding. The íi 
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parent carried one factor for tallness (TT) and the dwarf parent 
carried another recessive factor for dwarfness (tt). In this 
monohybrid cross only one type of gamete is produced by both 


INHERITANCE OF TERMINAL AND AXIAL FLOWERING 
IN PEA PLANTS 
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Self-pollination 
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Tig. T'S. Diagram shows Monohybrid experiment by Mendel taking terminal 
flower aud axial flower in pea plants. 
tall and dwarf plants. The gametes produced by the tall and 
dwarf parents bears only one ‘T’ gene and one ‘t’ gene respectively, 
erefore, after fertilization the fertilized egg must have one gene 
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of each kind (Tt). But since T is present and which is dominant 
over ‘t’, therefore all the plants produced in F, generation were 
tall. When two such F, plants (Tt) were selfed, then the two 
factors are separated out from each other in the gametes. Which 
Shows that there are two kinds of equally frequent pollen grains 
and two kinds of equally frequent egg. Here half of the gametes 
‘carried ‘T’ factor and the other half carried ‘t’ factor. 


Checker board is mainly a geometrical method for bringing all 
possible combinations together in the formation of zygotes. The 
two gametes from the male plant are placed at the top of the 
m Checker board and the two 

dwaf gametes from the female plant 

DNUS i Ò are placed at the left side of the 
a. checker board. The diagram 

) of the checker board shows 


Dd TT X 
tau 


: es  therandom combination of 
Ed AS) those gametes to give rise to 

ett |e | four zygotes. Out of which 
apa 25% of plants are pure tall 

(TT) 50% are hybrid tall (Tt) 

Me HA and 25% are pure dwarf (tt), 
Fz : fall = ee ,  Siving a proportion of 1:2: 1. 
Senat i TT and tt are homozygous 

Fig. V6. A checker board showing because the gene pair contains 
inheritance of tallness in pea. two identical alleles. But Tt 


is heterozygous because two different alleles i.e. T and t, arepresent 
in a single gene pair. 


In the Fg generation of the monohybrid cross the tall and 
the dwarf plants are produced in the ratio of 3: 1. This visible 
characteristic ratio of the cross is termed as phenotype. In the 
genetic constitution it shows three different genotypes like TT, T! 
and tt, in the ratio of 1: 2:1. This internal genetic ratio is 
termed as genotype. If backcross is done then both the phenotypie 
and genotypic ratios will be the same i.e. 1 : 1. 
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The phenotypes, genotypes, genotypic ratio and phenotypic 
ratio of the above monohybrid cross between a tall Pea plant and 
a dwarf Pea plant is shown below :— 


Table No. 7'1 


Phenotype Genotype | Genotypic ratio Phenotypic ratio 


Tall plant t 1\ 3 
Tt 21 
Dwarf plant | tt 1 1 
situ geek PPro TE aces 


The following are the principles proposed by Mendel from the 
results obtained from the monohybrid experiments + 


(a) Existence of unit characters : In the hybrid plants of Fi 
generation two gametes of the parental plants formed the zygotes, 
during which one character from each parent come and lie side by 
Side, Those two characters remain perfectly independent from 
each other without loosing their own identities. 


(b) Dominance; Out of those two unit characters one unit 
character shows itself called dominant and the other one remains 
hidden called recessive. — 

. (c) The principle of Segregation: From the hybrid plant 
two types of gametes will again produce and in the next generation 
zygotes will form asa result of the union of those gametes. The 
zygotes of the F, hybrid plant contains two unit characters 
Which lie side by side without mixing. But in the Fẹ generation 
the plants produced will be hybrid as well as_ parental types. The 
Phenomenon during which the hybrid type separates into pure 
Parental and hybrid types are called segregation. This is the 
first Law of Mendel or the Law of Segregation. 
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Table No. 7:2 


Mendel's experimental results shown in the following table 


P, generation F, generation | F, generation F, ratio 
1. Red x White All red 705 red : 224 3:15 
flower white 
2, Axialx Termi- | All axial 651 axial: 207  |314:1 
| nal flowers flowers | terminal 
3. Tallx Dwarf Ail tall 787 tall: 277 284 :1 
stem dwarf 
4. Greenx Yellow | All green 428 green : 152 2:82.:: 
1 pod | yellow | 
5. Inflated x Cons- , All inflated 882 inflated : 299 | 2°95 :1 
tricted ripe pods constricted | 
6. Round ‘smooth) All round 5,474 round : 2:96 :1 
X Wrinkled seed t 1,850 wrinkled 
7. Yellow x Green | All yellow 6,022 yellow : 3°01 :1 
cotyledons 2,001 green | 


T10. Monohybrid cross in Animal ( Example-Guineapig ! : 


Many geneticists confirmed Mendels Law of segregation in 
the post Mendelian era by crossing various types of plants and 
animals and came to same nature of inference. When pure 
homozygous (pure) black haired guineapigs (BB) are crossed 
artificially with homozygous (pure) white haired individuals (bb), 
then all the F, hybrids are black (Bb) since black hair is 
dominant over white hair. One type of gamete B and one type 
of gamete b will be produced by BB and bb respectively. The F, 
hybrids are heterozygous black (Bb) As this cross involves only 
one contrasting character, hence this type of cross is known as 
monohybrid cross. Such F, progenies on inter-crossing yield in 
the F, generation, black and white individuals in the ratio of 
3:1. ie. 75% black haired Guineapigs and 25% white haired 
Guineapigs. This is the phenotypic ratio. The genotypes appear 
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In the ratio of 1: 2:1 i, À pure black i.e. 25% (BB), } hybrid 


black i.e., 50% (Bb) and } pure white i.e., 25% (bb). 
Pure white 


‘Pure Black 


20 Gai. 
Hybrid black 


fa BB * 
Seneration 


Fig. 7'7. Monohybrid cross from Guineapig. 


P BB x bb 
black white 
Gametes | 
BI 


Fi 


(9 
F black -3|Ratio 
2 white 2 1]- 3:1 


"Fig, T8, A checker board showing inheritance of colour in Guineapig 
in monohybrid cross. 
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Phenotypic ratio—3 (Black): 1 (white), 

Genotypic ratio—1 (Pure black): 2 (Hybrid black): 1 (Pure 
white . 

Hence it shows that the inheritance of hair colour character in 
Guineapig follows the First law of Mendel i.e., law of segregation. 


T11. Present status of Mendel's theory : 
It is now believed that instead ofa single gene, all the genes. 


———M—Ó 

RR Rr rr 
red 25], pink 50% white 25% 
Fig. 7'9. Inheritance of flower colour in tour-O'olook plant showing 
incomplete dominance. 
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present in an organism affect the expression of a character in 
some way or other and are responsible for the changed characters. 
or phenotypes. The genes and not the trait, are inherited 
generation after generation in the science of heredity. Experiments 
with different plants and animals indicates that the Mendel's 
principle of segregation remains unaltered even today but his basic. 
principle of dominance and the principle of independent assort- 
ment does not hold good. The characters are assorted indepen- 
dently only when they are located on different chromosomes. 
Independent assortment of characters will not be possible if 
such characters are present in one chromosome (Linkage). Where 
a number of characters are inherited together instead of 
independently. 


Incomplete dominance : 


The principle of dominance does not hold good in all the: 
cases. There are many cases where the hybrid individuals 
obtained after crossing between two homozygous parents are 
more or less intermediate in between the parents. Thus when 
the homozygous red flowered (RR) and white flowered (rr) variety 


P Pure Red x Pure While 
(RR) (rr) 
| peti ra on ae 
Pink (Rr) 777 -77 F, generation 


F, generation 


Checker Goard 


Fig, 7'10. Inheritance of flower colour in four-O'clock plant showing 
incomplete dominance with checker board. 
of Mirabilis jalapa (4 O'clock plant) are crossed, then all the 
plants obtained in the Fi generation are pink flowered (Rr). 
So it clearly indicates that the red colour is not completely 
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| -dominant over the white flower, hence a mixed colour appeared 
| in the F, generation. This is known as incomplete dominance. 


| The F, generation consists of red, pink and white coloured 
‘flowers in the ratio of 1:2:1. The red and white flowers 
reds truely but the pink again separate in the ratio 1:2: 1. 
Such incomplete dominance is also noted in Snapdragon 
(Antirrhinum), in poultry ( when one homozygous Black 
Andalusian fowl is Crossed with another splashed white.fowl then 
in the F, generation all the hybrid fowls produced will show 
blue colouration) etc. Therefore Mendel's idea on dominance 
.. is no longer holds good for all Cases, 


a 712. Dihybrid experiment or cross (An example from pea 
| seeds) : 

A cross involving two pairs of contrasting characters is known 
-as dihybrid cross. Ina dihybrid experiment Mendel selected round 
| yellow and wrinkled green seeds of pea as the test characters. He 
|| Crossed a variety of garden pea having yellow cotyledons (YY) and 
Tound seeds (RR) with another variety of garden pea having green 
‘cotyledons (yy) and wrinkled seeds (rr) for his dihybrid ratio. 


Mendel observed that all the F, hybrid peas were provided 
with round yellow seeds, simply because round seeds and yellow 
‘cotyledons are the dominant characters, When the F, progenies 
were self-fertilized, four types of gametes were produced by the 
female parent and four types of gametes by the male parent in the 
F, generation—round yellow, wrinkled yellow, round green and 
wrinkled green im the. ratio of 9: 31 


13:1. The four kinds of 
Ponistee ate RY RY ee) ty. The possible combination of those 


| Bametes to form zygotes is shown in the checkerboard or Punnett 
| square. (after the name of R, C. Punnett) below. 


Mendel assumed that 
| 8egregation behaved indepen 
‘Segregation that the two co 
segregate. Therefore, fou 


the characters in F, generation on 
dently apart from observing his law of 
mponents of any particular pair must 
T types of gametes were possible, which 
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on sexual union gave sixteen combinations. By using the symbols 
R for ‘round’, r for ‘wrinkled’, Y. for ‘yellow’ and y for *green', the 
sixteen combinations can be worked out as in the illustration. 
given below. 


Lo RRYY X rryy 
round yellow wrinkled green 

Gametes | 

Fi - RrYy 


round yellow 


Gamet 


RY | RRYY RRYy RrYY RrYy 

round yellow | roundyellow jroundyellow round yellow 

Ry RRYy RRyy RrYy Rryy 

| round yellow | round green |roundyellow | round green 
ry RrYY RrYy rrYY rrYy 

E roundyellow {round yellow |wrinkled yellow wrinkled yellow. 
ty RrYy Rryy rryy rryy 

round yellow |roundgreen wrinkledyellow |wrinkledgraen 


roundyellow = 9 

roundgreen = 3 Ratio 
gs 1 
=1 


wrinkled yellow 
wrinkled green 


Fig, 711, A checker-board showing inheritance of two seed 
characters in pea. 

From the above cross it is clear that 9 yellow round, 3 yellow 
wrinkled, 3 green round and 1 green wrinkled seeds were produced. 
Phenotypically it shows that there are four types of seeds but 
genotypically they are of nine types. : 

A complete summary chart of genotypes and phenotypes is 
given below in the table : i 
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Table No. 7°3 


Genotypic 
ratio 


Phenotypic 
ratio 


Geuotype 


Phenotype 
Round yellow 


Wrinkled yellow 


Round green 


Wrinkled green 


From such a dihybrid experiment Mendel formulated his 
second law i.e. the law of independent assortment which states that 
"two or more allelomorphic (contrasting) pairs of factors 
(characters ) are assorted independently and may recombine 
rcndomly in all possitlz combinations governed ‘by chance alone if 
—fhe result shows that not only the pairs of alleles segregate 
‘but also one pair behave independently with respect to another 
pair during the formation of gametes. 


Dihy brid cross (An example from Guineapig) : 


Mendel’s dihybrid ratio is also observed in Guineapig to verify 
whether the same ratio as obtained by Mendel in bis dinybrid cross 


d 9 
om 


Pureblack Pure white Pure white Pure black 
(ROUGH) (SMoorH) (SMOOTH) (ROUGH) 


KVA 


Black rough( Hybrid) Black rough (Hybrid) 
a ^ el 


black smooth 


White tough White smooth 
Results of dihybrid cross with guineapig. 
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by taking pea plants satisfies with the animals also. If a black 
Guineapig with rough hairs .BBSS) and a white Guineapig with 
smooth hairs (bbss) are crossed artificially, all the F, progenies 
will be black with rough hair’s (BbSs), since black colour and 
rough hairs are the dominant characters. When the F, hybrids 


P BBSS x bbss 
black rough white smootía 

Gametes (6s) | (bs) 

F BbSs 


Bbss bbSs bbss 
black smooth | white rough jwhite smooth 


Fa blaçk rough = 9 
black smooth = 3 Ratio 
whiterough = 3 =9;3 -3:9 
white smoolh = 1 


Fig: 119: A ohecker-board showing inheritance of two 
cbaracters in Guineapig. 


are] intercrossed, segregation of characters showing all possible 
combinations takes place in the following proportion—9 black 
rough (BBSS), 3 black smooth (Bbss', 3 white rough (bbSs) and 
3 white smooth (bbss). This 9:3: 1 ratio is the dihybrid ratio. 


To verify the Jaws of Mendel post Mendelian crosses were done 


by taking maizes, paddy, wheats, poultry pigs, COWS: etc. 
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7:13. Applied genetics : 
‘Mendel’s laws are equally applicable in all; organisms. If the 
dominant characters of. parents are known, one can predict the 
result of a hybridization experiment. The dominant and recessive 
characters of crop plants, domestic animals, human beings, etc. 
can also be predicted from the hybridization experiments. 
Gene and heredity i : 

Genes are the hereditary factors that determine the. biological 
characters of an organism. They are located on the chromosome 
in a linear order. : 

Nature: There are different views regarding the nature of 
gene. According to De Vries, a single gene is responsible for a 
particular character (one gene one character). Bateson and 
Punnett belicved that only the dominant character but not the 
recessive of hybrid is expressed by determiner (presence oF 
absence). Ail these views are ultimately suppressed by the theory 
proposed by Morgan. According to this theory, a chromosome 
contains innumerable fine particles as units and each such unit is 
& gene (particulate theory). Particulate theory of Morgan is 
justified by positive evidence, however, its significance is subsided 
after the discovery of DNA as a hereditary material. 

Definition: Geneticists are not unanimous as regards the 
- definition of gene. A gene may be defined in various ways. 

(1) The gene is described as the ultimate unit of recombi- 
mation or recon since it takes part in crossing over or genetic 
recombination. 

(2) The gene has often been defined as the ultimate unit of 
mutation or muton as genie change either in number or in com posi- 
tion results in mutation, 

(3) The gene is also called the ultimate unit of physiological 
activity since a gene may be responsible for .a particular 
physiological activity. 

(4) According to Pontecorvo, the gene is the ultimate unit of 
reproduction. This definition, however, bears little meaning unless 
one recognizes which is being self-reproduced. A 
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(5) The gene is defined at present as a group of codons. 

A codon is composed of three consecutive bases that occur in a 
“particular portion of DNA molecule and each such triplet codes 
- for a particular. amino acid (genetic code). The modern concept 

of gene is, therefore, related more to function than to structure. 


T14. DNA as hereditary material : 

The gene is now considered as a DNA molecule or a portion of 
DNA molecule. DNA as genetic (hereditary) material arose from 
studies on bacterial transformation (a type of recombination). 
Experiments on this aspect were initially conducted by Griffith (1928). 
He found that a strain of pneumococcus (Diplococcus pneumoniae) 
when injected into mice would elicit symptoms of pneumonia. 


PY —— c Jo Pneumonia 


Virulent 


OO e= Healthy 


Avirulent 
: CO E a eee 
Heated virulent Pneumonia 
00-0 eee GES 
e 


,Avirulent Heated virulent 


Virulent | 
Fig.T14. Bacterial transformation in living animals. 

ah oe is called virulent. If mice were injected with another 

b. aS the same bacterium, the animals were not pam Such 

1 iow of penumococcus is said to be avirulenm. If mice were 

ES with celis ofa virulent strain that previously had been 

*d by heating, the animals showed no symptoms. However, 
Biology (1)—6 
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when mice were injected with both avirulent and heat-killed 
virulent cells, symptoms of pneumonia did appear and virulent 
cells could be isolated from the affected mice. Avery, McCleod and 
McCarthy (1944) repeated Griffith's experiments to identify the 
transforming substance, The transforming substance was found 
to become inactive when treated with DNA-ase (DNA-degrading 
enzyme) but not with proteases ( protein-degrading enzymes ) 
These observations clearly indicated that the DNA but not the 
proteins functions as the genetic material. 3 


` S99 (protein 


Bacterium 
(nof labelled) 


iig "detected 
Phage venlifies® 5. dle 
multiplication deleted — rium 


Fig.T15. Experiment on bacteriophage with P32 labelled DNA. 


The conclusive evidence regarding DNA as hereditary material 
comes from a work on bacteriophage infection, Using radioactive 
isotopes of phosphorus (P%2) and sulphur (S??) Hershey and 
Chase (1952) demonstrated that only DNA of the bacteriopbage 
enters the cells of bacterial host and that this DNA carries all the 
necessary genetic informations for the assembly of new phage 
particles. In one set of experiments, phase DNA was labelled by 
growing infecting bacteriophage on a medium containing p^. 
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Since phage proteins are devoid of phosphorus, only DNA would 
be ‘hot’? (coataining radioactive element), In another set phage 
proteins are made ‘hot’ with $35, Since DNA is devoid of sulphur, 
only proteins would be labelled with S?5, The labelled particles 
were then allowed to infect the bacteria. The infected bacteria 
were immediately shaked vigorously in a waring blender. 


Bacterium Phage 
{not labelled) attachment 


inphage ) yes Phage 
prigely USS aulipicaton 


Vig. 716, Experiment on bacteriophage with §35-labelled protein. 


Subsequently the bacterial cells were found to be associated with 
IP? but not with S35, When the phage progenies were studied 
for activity in these experiments, it was observed that the new phase 
particles carried the radioactivity only when the infecting phage 
was labelled with P32. Tae progenies did not carry radioactivity 
when the infecting phage was labelled with S22] These 
‘experiments indicate conclusively that DNA but not protein enters 
the bacterial cells. Thus DNA entering the host cell carried all 
the genetic informations necessary for the synthesis of phage 
Progenies, Hence, DNA is the sole hereditary material in 


‘bacteriophage. 
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DNA also acts as the hereditary material in higher organisms 
is evident from the following observations, (i) DNA representing 
gene has the power of duplication. (ii) DNA is more,or less 
stable compound, (iii) DNA content in haploid germ cells is 
just half of that present in diploid somatic cells. . 


715. Sex determination : 

A number of sexually reproducing organisms are dioecious. In 
them two particular chromosomes, the X and Y chromosomes are 
determinants of the sex. These sex determining chromosomes are 
known as allosomes or sex chromosomes, while the rest of chromo- 
somes in each nucleus are called autosomes. 


Fig. 7°17, Sex determination in human. 


(In diploid organisms the sex chromosomes occur in pair, and 
the possible combinations are XX and XY. A female human has 
XX combination and she can produce only X chromosome 
containing eggs. A male human, however, has XY combination, 
and he can produce two kinds of sperms containing X and Y 
chromosomes. Generally, the probability of male or female 
progeny is one-half for each ie, a 50 percent probability 
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of the zygote getting an X chromosome from the father, a 50 
percent probability of the zygote getting a Y chromosome from 
the father, and a 100 percent probability of getting an x 
chromosome from the mother. Such a mechanism is referred to as 
XX—XY type. 

It is also observed in Drosophila and in plants like Canabis. 
XY:-XX type (XY-female and XX-male) i.e. reverse of XX—XY 
type, is found in certain insects and in plants like Fragaria. 


Fig. 7°18, Sex determination in grasshopper. 


Certain diploid organisms do not possess any Y chromosome. 
In grasshoppers and in plants like Dioscoria, females are XX and 
males are XO (‘O’ indicating the absence of other sex chromo- 
Somes), As such each female can produce only X eggs, while à 
male can produce two kinds of sperms—X and O (without any sex 
choromosome). This is referred to as XX—XO type. XO—XX 
type (XO-female and XX-male). i.e., reverse of XX—XO type is 
found in moth, butterfly, etc. In bryophytes there is an X in the 
female and a Y in the male, One more example is that of bee, 
in which the sex is determined by the chromosome complement ; 


females are diploid and males are haploid. 
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7°16. Some problems on heredity : 


Problem I. In man brown eye (B) is dominant over blue eye 
(b). A brown eyed man marries a blue eyed woman and they 
have six children who have all brown eyed. What are the 
genotypes of all the members of the family ? (H.S. 1980) 


Answer: As the characters of blue eye is recessive hence all 
blue coloured woman is homozygous in a specific locus. If we 
consider the specific gene for blue colour by the symbol ‘b’ then 
in this question the genotype of the woman will be b/b. 


As the characters of brown eye is dominant in man, hence all 
the brown eyed man will be homozygous or may be hybrid 
(heterozygous). If we consider the specific gene for brown colour 
by the symbol ‘B’, then in this question the genotypes will be 
either B/B or B/b. 


But as genotype of woman is b/b, so the B/B type of genotype 
is not at all possible in the brown eyed children. 


Their genotype will be B/b. Hence, the genotypes of all 
the members of the family will be B/b. 


Problem II. In man black eye (B) is dominant over blue eye 
(b), A black eyed man marries a blue eyed woman, out of theif 
two children one possesses black eye and the other blue eye. Find 
out the genotypes of the family. 


Answer: As the character of blue eye is recessive, hence all 
the blue eyed woman is homozygous in a specific locus and their 
Benotype is b/b. That is why the father and one of the child 
(blue eyed) have Benotype b/b. 


The blue eyed child gained one gene *b' from the father and 
other gene ‘b’ from the mother. Hence, black eyed mother i$ 
definitely hybrid (heterozygous) and her genotype is B/b. 

Again, as the genotype of father is b/b, hence black eyed 
child should possess one gene ‘b’. As a result, the black: eyed 
child is also hybrid (heterozygous) and his genotype is B/b. 
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Problem III: Red flower (R) is dominant over white flower 
(W), round surfaced seed (S) is dominant over wrinkled surface |C). 
Show the segregation ratio in a checker board betw en the 


cross RRCC X RWSC (J. E. 1982) 
Answer : 
] 

l Red flower Red f 
| Parents Wrinkled Seed m * Round SurfacedSeed 
E RRCC RWSC 


Gametes (RC) 
Logon 


RRSC RRCC RWSC RWCC 

Red flower and Red flower Red flower Red flowerand 

round surfaced and wrinkled and roundsurfaced ^ wrinkled seed 
\ Seed Seed _ Seed 


Segregation ratio :— 
Genotypic ratio—1: 1:1:1 


Phenotypic ratio—1 $ 1 
(Red flower (Red flower 
and round and wrinkled seed) 


suríaced seed) 
Problem IV : In human brown eye (B) is a dominant character 
Whereas blue eye (b) is a recessive character. Uncurved hair (S) 


Parents Mother x Father 
Blue eyes 
Uncurved hair 
bbSs Bbas 
ao Au zg A 
Gamets bS B5 hg 
| 
bbSs BbSS Bogs Mies 
Children Brown eyes Browneyes lue eyes 
ended ncorved pale curled hair curled heir 
Phenotypic ratio of F generation is :— 
1 : 1 : 1 : 1 
(Blue eyes 


(Brown eyes 5 
ues) ee vadhat) curled hair) curled har) 


is dominant whereas curled hair (s) is recessive. A man with 
brown eyes (B) and curled hair (8) marries a woman with blue 


A 
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eyes '(b) and uncurved hair (S). Out of their two children, one 
child is with brown eyes and curled hair and the other one is 
with blue eyes and uncurved hair. Find out the genotypes of 
the parents and the children. 


Answer: The genotype of one of the children who has is 
eyes ( pure dominant or mixed ) and curled hair (pure Bat 
may be BBss or Bbss. The genotype of other child who has blue 
eyes (pure recessive) and uncurved hair ( pure dominant of 
mixed ) may be bbSS or bbSs. 


As the father possesses brown eyes ( pure dominant MA 
and curled hair ( pure recessive ), hence his genotype may S and 
or Bbss. As the mother possesses blue eyes ( pure recessive 


uncurved hair (pure dominant or mixed ), hence her genotype 
may be bbSS or bbSs. 


As the dominant brown coloured eye of father remains as 
Tecessive in case of mother, hence it expressed in one child as 
blue eyes. This shows that for that character the father is not. 
pure, hence heterozygous. The father possesses the genotype Bbss. 
Similarly uncurved hair which is‘a dominant character of mother, 
is recessive in father. This is expressed in one child as curled hair. 
So mother is also not pure for that character, hence heterozygous. 

‘This shows that both the parents are heterozygous. 


Problem V: If white eyes are recessive to red eyes in E 
Drosophila which flies may have white eyed offspring ? 
Let “R” = gene for red 
*r— gene for white 
(a) white—eyed flies bred with white eyed flies 
RDINSEMEUEU MED NEU ry 
PARENTS? White eye x wulte eye 
fly ic 
GENOTYPE : rr A 
| GAMETES : 


F1 GENERATION; rr 


Hence in this cross'1007. white 1007. white eyed 
eyed flies will be produced. Drosophila 
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(b) white—eyed flies bred with heterozygous red-eyed flies 


PARENTS White eye x Red eye 
GENOTYPE: ` rr Rr 
GAMETES : 
(807, cach) 
F4, GENERATION rR rf 
(Heterozygous Red) (50), white eyed flies) 
ie,Drosophila 


Hence in this cross 50% white 
eyed flies will be produced. 


Hence in this cross 50% white eyed flies will be produced : 


(c) Heterozygous red-eyed flies bred with heterozygous red- 


flies. 
FEARENTS : Red eyed X Red eyed 
fly fly 
GENOTYPES 

i 

| GAMETES è 
/ (75%, Réd eyed flies) 25% white 
! Hence in this cross 25% white eyed flies . 


eyed flies will be produced. 


Hence in this cross 25% white eyed flies will be produced. 


Problem VI: A common kind of red-green colour blindness 
in human is caused by the presence of sex linked recessive gene 
C whose normal allele is Ct. A normal woman whose mother was 
‘colour blind has a: son. Nothing is known of the colour-vision 
phenotype of the father. What is the probability that thé son will 
he colour blind ? 
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Ans. (i) Grand mother as colourblind must have both factors: 


recessive in X chromosomes so the composition stands C/C for 
grandmother. 


(ii) Mother, a carrier of colour blindness must have the com- 
position C/C*, as she possesses normal vision. 


(ii) During gamete formation, 50% of gametes will be C and 
other 507, will be Ct. 


(iv) Therefore if the father is normal, then the X of it must 
have C* and the composition will be C*/Y. In that case the 
probability of a son will being colour blind is 507, because the son 
inherit only Y chromosome from his father. If the father is colour 
blind, then his son will be normal. 


SUMMARY 


Heredity includes such characteristics or traits which are transmitted from one 
generation to other generation, Gregor Johan Mendel (1822-1884) performed 
Several experiments from the year 1858-1866 in connection with hybridization by 
taking edible pea plant and propounded laws of inheritance, He is regarded 
as the “father of Genetics", In 1900 Mendel's Laws were rediscovered by three 
European Botanist:—Hugo De Vries in Holland, Carl Correns in Germany and 
Erich Von Tschermak in Austria, Mendel chosed for his experiments seeds of seven 
Pairs of contrasting characters out of twenty two varieties, Those seven charactere 
are— 

(i) Seed shape—either Smooth or wrinkled (round), 
(ii) Colour of the seed endosperm (cotyledons)—yellow or green, 


(ii) Colour of the seed coat—coloured with purple (violet) flowers or colourles& 
with white flowers, 


(iv) Form of Pod-type-inflated oz constricted, 
(v) Colour of unripe pods—green or yellow, 

(vi) Position of flower—axial or terminal, 

(vii) Length of the stem—tall or dwarf, 

There are two lawa postulated by Mendel which are as follows—First law—Law 
of segregation and Second Law—Law of Tndependent assortment. 

A monohybrid cross is that cross which takes place between two parents of 
which a variety carrying a particular trait or character with another variety 
carrying its contrasting trait or character. In monohybrid cross ( single character 
eross) the phenotypic ratio in the F3 generation is 8 : 1, and the gonoty pic ratio 
181:2:1. Many geneticists confirmed Mendels Law of Segregation in the Poste 
Mendelian era by crossing various types of plants and animals e.g., Guineapig and 


as 
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came to same nature of inference. It was proved that the Mendel’s principle of* 
segregation remains unaltered even today but his basic principle of dominance and 

the principle of independent assortment does not hold good. There are many cases: 

where the hybrid individuals obtained after crossing between two homozygous- 
parents are more or less intermediate in between the parents, which is known a8 

incomplete dominance, Incomplete dominance is found in 4 O'Clock plant, 

Snapdragon, poultry, etc. A cross involving two pairs of contrasting characters is 

known as dihybrid cross. In case of dihybrid cross the phenotypic and genotypic 

ratios in the Fg generations are 9:8:8:1 and 1:.2:2:4: 1:9:1:9:1 

respectively, : 

The trait or factor which appears in the F; gsneraration even though the other : 
trait or factor is present after crossing two pure varieties of plants, is known a8- 
dominant, The other character which remain in suppressed condition and;doeg. 
not appear is known as recessive. 

Genes are the hereditary factors that determine the biological characters of an 
organism, The gene is now considered as a DNA molecule or a portion of DNA. 
molecules, which are inherited through chromosomes, In some viruses RNA is ihe 
genetic material, X and Y chromosomes are determinants of the sex in case: of 
man and Drosophila. These sex determining chromosomes are known a8 
allosomes or sex chromosomes, while the rest of chromosomes in each nucleus. 
are called autosomes. Genes which ‘are (inherited through sex chromosome ie- 
known as sex linked inheritance. Sex linked charactera are night blindness,- 
colour blindness, haemophilia, etc. 


THINGS TO REMEMBER 


1. The term ‘genetica’ was given by Bateson in the year 1905, ; 

2. Genetics often described as a science connected with heredity and variations. 

3. Heredity includes such characteristics or traits which are transmitted from. 
one generation to other generation. i 

` 4, Mendel performed several experiments in connection with hybridisation by 

taking peaplant and his work was published in the year 1966. 

5. Mendel is regarded as “the father of Genetics”. 

6, Mendel's excellent experiments valid, analysis, and formulation of laws “of” 
inheritance are collectively called Mendelism. 

7. Mendel postulated two laws out of his experiments—the first law is Law of ` 
segregation and the second is Law of Independent assortment. 

8. Mendel's Laws were rediscovered in the year 1900 by Carl Correns, Hugo De 
Vries and Erich Von Tachermak. 

9. Mendel performed his.experiments with seven pairs of contrasting characters - 
taking pea plant as his experimental material. 

10. The trait or character which appears in the F; generation is called: 
dominant, which suppress the other factors. The trait or character which remain im. 
Suppressed condition is called recessive. 


E 


71:86 A TEXT ROOK OF BIOLOGY 


11. The visible i.e., the external expressed characteristics of an organism is 
called “phenotype, The genetic materials that an organism inherits from its 
parents i.e., characters expressed through genes is called genotype. 

12, An individual having only one allele or in other words two identical genes 
affecting a trait is known as homozygous. In this case both the alleles are pure, 
(e.g., TT, tt). 

13, An individual having two different genes affecting the same trait is known 
a8 heterozygous. In this case one of the alleles is dominant and the other one is 
recessive (o.g,, Tt), i 

14, The phenotypic ratio of monohybrid cross in Fo generation is 3 : 1 and the 
genotypic ratio is 1:2: 1, - 

15. The phenotypic ratio of dihybrid cross in Fg generation is 9:38 :3: 1 and 
the genotypic ratio i31:2:9:4:1:9:1: 21; 

16. The Mendelian factors named as genes by Johannsen in the year 1908. 

17. Post Mendelian Works with different plants and animals indicate Dur 
the Mendel's principle of Segregation remains unaltered even today but his basic 

"principle of dominance and the Principle of independent assortment does not hold 
good. 

18. When hybrid individuals aro obtained after crossing between two 
homozygous Parents aro more or less intermediate in between the parents are 

"called incomplete dominance, It is proposed by Bateson and Punett. 

19. Incomplete dominance is found in 4 O'clock plant, Snapdragon, 
Poultry, etc, 

20. Now-a-days genes’ aio considered as a DNA molecule, which are the 
hereditory factors that determine the biological characters of an organism. Hence 
DNA is the genetic material, which is inherited through chromosomes. 


21, Xand Y chromosomes are determinants of the sex in case of man and 
Drosophila, 


22. The sex determining chromosomes termed as allosomes or sex chromo- 


Inheritance, 


34. Sex linked characters are night blindness, colour blindness, 
“haemophilia, eto, 


@ Graded Exercise e 
A. Long answer type questions : 


4l: What is heredity? What is genetics, Write what dip 
. know about Mendel's monohybrid experiment, Explain the differen 
Principles deduced by Mendel out of that experiment. 


2: What is Mendelism ? What are the reasons behind the 


"8uoccegs: of Mendel ? Why Mendel selected garden pea as one of his 
"experimental materia] ? 


n 
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3. Whatis dihybrid cross? Describe the dihybrid cross of 
Mendel by the help of the checker board, Write the phenotypic 
and genotypic ratio of the experiment. 


4. Write about the monohybrid cross of an animal, Mention 
its phenotypic and genotypic ratio. 


6. With the help of a checker board deseribe the dihybrid crosg- 
taking guineapig as an example. Mention the phenotypic and 
genotypic ratio obtained from this experiment. 


6. “DNA as hereditary matorial”—discuse. 


7. Whatis sex determination ? What do you mean by sex. 
chromosome and autosome ? Write what you know about the XY 
method of sex determination. 


B. Short answer type questions : 


8. What is Mendeliam ? 

9. What are the reasons behind Mendel’s success ? 

10. Why Mendel s: leoted garden pea as one of his experimental: 
material ? 

11.. Mention the seven sharply Dips ora characters selected: 
by Mendel for his experiments ? 

12. Explain the laws of Mendel. 

18. Describe the Mendels monohybrid cross. 

14, Describe the Mendel’s dihybrid cross. 

15. What do you mean by sex chromosomes and autosomes ? 

16. Mention the conclusion deducted by Mendel out of his: 
monohybrid and dihybrid experiments. 


C. Specific answer type questions : 


17. What is heredity ? 

18. What is gonetics ? 

19. Who rediscovered and verified the experiments of Mendel f* 
20. What is parental generation ? 

21. What is first filial generation ? 

22. What is hybrid ? 

23, What is dominant factor ? 

24, What is recessive factor ? 

25. What is allele or allelomorph ? 

26. What is homozygous ? 

27. - What is heterozygous ? 

28. What is phenotype ? 

23, What is genotype ? 

30. Mention the phenotypio ratio of monohybrid cross. 
3l.. Mention the genotypic ratio of monohybrid cross. 
32. Mention the phenotypic ratio of dihybrid cross. 

33. Mention the genotypic ratio of dihybrid cross. 
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94. What is autosome p 

35. What is sex chromosome ? 

935. What is Back cross ? 

987. What is Test cross ? 

38. What is reciprocal cross 7 

39. What is law of segregation p 

40. What is law of Iadependeat assortment 7 
4i. What is incomplete dominance ? 

49, What is Gane ? 

43. What is genetic material ? 

44. What is sex determination 7 

45. Mention two sex linked charactors of man. 
46, What is sexual dimorphism ? 


(‘The sexual distinction appears much earlier in the life of the 
‘individual in almost all dioscious organism, when sexes are 
Separate ). 


D. Distinguish between ;: 


47. Monohybrid cross and dihybrid cross. 

48. Dominant characters and recessive characters. 
49. Phenotype and genotype. 

50. Homozygous and Heterozygous. 

51. Autosome and sex chromosome, 

52. Baok cross and Test cross, 

63. Dominant characters and Incomplete dominance. 


E. Write short notes on: 


(a) Gregor Johann Mendel (b) Allelomorph (c) Phenotype 
(3) Genotype (e) Homozygous (f! Heterozygous (g) Domi ant 
‘factor (h) Recessive factor. (|). Monohybrid cross (j) Dibybrid 
cross, (k) Back cross (1) Hybrid (m) Incomplete domiuance 
(n) Sex chromosome (o) Reciprocal cross. 


6 Public Examination Questions from the chapter 6 


A. Long answer type : 


l. Who was G. J. Mendel? Give a brief account of his contri- 
‘bution to science. ( Tri. H. S. '83 ) 


2. Mandel took pollan from a pure tall pea plant and put it 0D 
the stigma of a pure dwarf pea plaut. O ly the tall plants were 
"produced from the seeds of tha d varf plaat ( 1st filial ganeration ). 
Mendel then allowed seif-fertilization amongst these tall plants 


“aod thus, both tall and dwarf plaats ware produced ( 4nd filial 
Seneration ). 
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(a) State why all the plants were tall in the first filial 
generation. 

(b) What was the ratio of tall and dwarf plants in tha second 
filial generation ? 

(c) What inference did Mendel draw from this experiment on 
pea plants ? ( H. S. 1983): 

3. What is meant by dihybrid cross? With the help of 
shecker board find out the phenotype and genotype ratio of a 
dibybrid cross and mention the conclusion that Mende! has derived 
from it, (H.S '83) 

4. Whatdo you mean by Law of Independent Assortment 7? 
Explain, with experiment, how did Mendel arise at the conalusion, 
Explain the reasons behind Mendel’s success. ( H.S 1985 ) 

(Success: Pura and contrasting pair of chromosomal character). 

5. Answer the following questions : 


(a) Who was Mendel? (b) What is meant by allele? 
(0) What is genetic material? (d) What are homozygous and 
heterozyzous organism ? (e) What do you mean by phenotype 
and genotype ? (H.S 1954 ) 

6.. With the help of a checker board show the numbers, ratio, 
phenotypes and genotypes which are found in Mendel's dihybrid 
"ros, What did Mendel conclude from the results? (H. S. 1981) 

In & man brown-eye (B) is dominant over blue eye (b A 
brown-eyed man marries a blue-eyed woman and they have six 
children who have all brown eyes. What are the genotypes of all. 
the members of the family ? (H S.'£0) 


8. With the help of checker board show the numbers, ratio, 
phenotypes and genotypes which are found in Mendel's dihybrid 
cross, What did Mendel conclude from the result? — ( H. S. '81) 

9. Whatisa gene? Whatis the difference between recessive 
and dominant genes ? (J E. E '86) 

10. What do you mean by Law of Independent Assortment ? 
Explain, with experiment, how did Mendel arrive at the conclusion, 
Explain the reasons behind Mendel’s success. (H S. ’85 ) 

ll. Explain De-Vries’ Mutation Theory. (CH. S.729) ° 

12, What are Mendel’s Laws? In Drosophila red eye is 
dominant over white eye. A red eyed Drosophila is crossed with a 
White-eyed one, Mention the genotype and phenotype of F, 


Beneration, ( Tri. H. S. '84) 
M 1 fi What do you understand by dihybrid cross? Explain 
E 8 tecond law with the help of experiment. (H. S. 779 ) 


al Give examples of modera fiidings which appear t3 contradict 
T cannot ba fully explained by Meadel’s Law of Heredity. 

( J. E. E. '87 ) 

ud 18. What isa test cross? Tall tomato plants are produced by 

Ominant allele D and dwart plants by its allele d. Hairy stems 
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are produced by a dominant allelle H and hairless stems by ite 
recessivo allele h. A dihybrid tall hairy plant is test crossed. In 
the progeny there were 118 tall haires, 121 dwarf hairless, 112 tall 
hairless and 109 dwarf hairy plants. 

(i) Represent the cross (ii) Find out the ratio of tall ; dwarf 
and hairs : hairless. (J. E. E. '86 ) 


B. Short answer type : 


16. Explain why some twins are identical and some are 
non-identical ? ( H. S. '81) 


(Ans. Twins may be of two types—identical and non-identical 
twins. The fertilization of two seperate ova by two sperms results 
in the formation of non-identical twins, whereas when a single 
ovum is fertilized by a sperm, which later on separates into two 
distincs embryos ab an early stage of development, results in the 
formation of identical twins. ) 


17. What are Mendel’s laws ? (H. S, '87 ) 
C. Distinguish between : 
Dominant and recessive, (H. S. '79) 
Genotype and phenotype. ( H. S.'82) 
Homologous and analogous. ( H. S.'8i ) 
Allosome and autosome, (J. E. E. '87 ) 


D. Write Short notes on: 


18. (a) (i) Hybrid, (ii) Self-fertilisation, (iii) Phenotypes 
(iv) Dominant and  reeessive characters, (v) Autosomety 
(vi) DNA (H.S.'80) (b) Allele (H. S. '86 ; 87), (o) Autosome 
(H.S.'87) (d) Mendel ( H.S.'87 ). 


Syllabus: [ Definition, evidences—morphological, palaeontological (mention 
only Archaeopteryx) and embryological (onto:enesis not bbe) Evidences in 
outline only). Theories of Darwin, Lamarck & De Vries (in brief). 


81, Introduction : aes 
Tha term evolution is used in diffarent senses. Bat, evolution in biological 
fense is distinctly different from the sense in which we use the term to mean 


cosmic evolution, evolution of the solar system, geological evolution or evolution 
of chemical elements, 


While in every such usage, the term evolution implies changes with poaae 
complexity, still the factors that bring about changes and those that direct thes 
in the biolosical realm are of completely different nature, To avoid such confusion, 
the biol »gist designate the unfolding of the organic forms as organic evolution. 


82. What is Evolution ? 


The innumerable number of plants and animals around us are 
amazing, What they are today is the outcome of changes that 
have occurred in the past. The changes on each occasion provided 
the Possessors slightly better equipments to suit themselves to the 
‘vironment, in fact, made them better adapted. The forms 
Which Were Jess adapted and less fertile died out. The tremendous 
Variety of the living organisms of today is a consequence of 
"olution, each varicty is being gradually modified for living in its 
Owa Way, Hence, the concept of evolution has been of prime 
importance in aiding our understanding of the origin and diversity 
9f the Present-day forms. It relates that the simple organisms 
of the Past gave rise Xo all the species of micro-organisms, plants 
and animals of today, in course of time, 

Biology (1)—7 
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Evolution (Latin, evolvere=to unfold) means unfolding of life 
like the opening of a flower bud into a flower. 


83. Definition of Evolution : 


Organic evolution means changing of one form of life into 
another nearly similar to the Previous one by process of reproduc- 
tion and aceumpanied by variation and heredity. 


In fact, it refers to the theory that plants and animals of 
to-day are the modified descendants of plants and animals of 
earlier days. Organic evolution. is a dynamic process With 
changing continuity leading to formation of new species. 


What organic evolution is not—There are certain common 
Confusion of thought prevailing over the term, organic evolution. 
It should be clearly kept in mind that (i) organic evolution does 
not imply that all living forms are tending toward man. Further 
(i) it is not a theory that man is a made-over monkey. hier 
(iii) au changes that occur in organic evolution are not necessarily 
Progressive ; there are certain reversal of complexity which’ is 
Commonly known as regressive evolution. However, if progress 
in the. living. world means, growing complexity with increasing 
fitness, and greater variety of living organisms, then organic 
evolution indeed, has been progressive in a broad sense. 


Early ideas: The earliest theory of organic creation is that 
God made the world and its living inhabitants in six days, man 
Coming last. On this were based the theological ideas of special 
creation and of immutability of species, which largely held sway 
until the eighteenth and nineteenth centuries, Each species Was 
Considered to have been created separately, completely developed 
from dust, dict and other nonliviag sources. Further, 00° 
created, a species was held to be immutable, that it is unable t0 
change ils characteristics, 


In the sixth to fourth centuries B. C., Anaximander Empedocles 
and Aristotle (Fig, 8:1) independently. considered the we 
that living forms might represent a succession, rather io^ 


: 
| 
| 
| 
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unrelated randomly created types. But the succession was thought 
of in an essentially philosophical way, as a progression from 
"less nearly perfect" to "more nearly 
perfect" forms, The historical nature 
of succession and the Continuity of life 
Were not yet recognized. Nor was 
the notion of continuous succession 
panded further in later centuries, 
because clerical dogma, by and large, 
discouraged thinking along such lines. 

Francesco Redi, (1626-1698 ) an 
Italian Physician of the seventeenth 
century, was the first to disprove the 
"idea of Special creation by showing 
experimentally that organisms could 


Fig. 8'l. Aristotle, the Greek 
Not arise from nonliving sources. Redi philosopher and scientist, 

: 

I demonstrated, contrary to notions held 981—511 By 0, 


at the time and earlier, that maggots would never form 
“Spontaneously” in meat if flies were prevented from laying theip 
‘eggs on the meat. But old beliefs die slowly, aad it was not until 
the nineteenth century, chiefly through the work of Louis Pasteur, 
that the Notion of special creation finally ceased to be influential. 
Twas Louis Pasteur (1822-1895) who proved beyond doubt through 
convincing evidence that the formation of micro-organisms from 
diferent broths and solutions of organic substances can never occur 
de Novo, bá 
By this time, the alternative idea to special creation, that is, the 
idea of Continuity and historical succession, or evolution, had occured 
toa number of thinkers. Thus, the notion of evolution was clearly 
it the ait when the nineteenth century began. Actually in 1809 H 
the first major theory of evolution was published. This was the 
theory Promulgated by the French biologist, Lamarck (1744-1809), 
4. Origin of life : oben du 
Modern tices) Oparin (1924) Suggested the Possibility of 
biogenic formation of the simplest organic substances—hydro- 
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carbons. These, he argues, led to the formation of protein-like 
compounds and then colloidal systems which was capable to give 
rise to life through gradual improvement. 

(iij. Stanley L. Miller ( 1953) made a historical experiment for 
abiotic synthesis of organic matter. Assuming the then physical 
condition of the earth, he had set an experiment where a mixture 
of gases was kept in a sterilized closed flask through which a high 
frequency spark was discharged (Fig, 8°2). However, during this 


Tungsten 
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a 
Fig. 82. The spark-charge apparatus of Miller for producing organic corapou?' 
from a reducing atmosphere, 


j f f 
experiment a small amount of water was boiled to produce water | 


vapour. After a week it was found that a mixture of various 
amino-acids was obtained with iatermediate products of aldehydes 
and HCN. 
Subsequent to abiotic synthesis to organic matter an almost 
clear idea of the possible origin of lif- is gathered. Yn 
(ii) Crick (1982; recently, discussed the problem of origin s 
life., He emphasized that the earth does not provide enough time 
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for the origin of life. However, he believed that the life of earth 
could have originated elsewhere in our Galaxy, the Milky way and 
later despatched to the earth. 


8'5, Evidences of evolution : 

Evolution now-a-days is a scientific fact and accepted as a 
dynamic process by all quarters. To establish a scientific fact, 
certain proofs or evidences are required in favour of its bonafide. 
Darwin himself summarised the evidences of evolution under five 
principal groups. However, since Darwin, evidence of organic 
evolution has been collected from other branches of science and 
has turned into a vast fund of knowledge accumulated since his 
time, 


Sources of evidence : As stated earlier, the evidences of evolu- 
tion are drawn from various fields ; these may be summarised as 
follows : 


1. From comparative anatomy: Showing remarkable corres- 
Pondence in the fundamental structures of animals and plants. 

2, From Bio-geography: The gradational relationships to be 
met with in living organisms in their geographical distribution. 

3. From inheritance: Genetics—the similarity in hereditary 
traits, 

4. From Geology: The study and distribution of the fossil 
Temains of animals and plants. 

S. From Bio-chemistry and physiology—The . similarity 
in chemical structure and functions of all living organisms. 

6. From Embryology—Tracing the different forms of indivi- 
duals through the germ to the fullv developed form that show 
basic similarities among themselves. 

From natural system of classification (Taxonomy)—Stating that 
the modern living forms are the descendants of the ancient ones 
that lived in the past. di 
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1. Morphological evidence, 


Evidences from Comparative anatomy: The structural corres- 
pondence amongst animals provides evidence of organic evolution 
afforded by the field of animal morphology which centers around 
the remarkable and convincing structural correspondences, i€. 
homology which exist in the large divisions of animals and plants. 
Further,it is beyond doubt that the occurrence of the same pattern 
of fundamental structures in many animals, often of widely different 
habits of life points to the fact that they have been derived of a 
common ancestor. 


Homology in vertebrates— All vertebrates from fish to mammals 
(as also man) possess certain structures which are basically similar 
with varying degrees of Perfection, For instance, all have 
(i) dorsally located, jointed, internal skeleton—the vertebral 
Column traversed by (ii) a large cable of nerve fibre and nerve 
Cells, the spinal cord, (iii) a tubular alimentary canal ventral to the 
central nervous System, (iv) all have Organs of respiration—lungs, 
sills (in rare cases mere plexuses of blood vessels) (v). all are 
metameric, (vi) normally with two pairs of limbs similarly 
disposed with reference to the main axis of the body, (vii) skull 
with brain-box for lodging the brain, (viii) blood with R. B. C. 
and (ix) all with similar topographical disposition of internal 
organs, 

Furthermore, each of the main organ-systems of the vertebrate, 
retains its basic Structural plan, although in some kind of 
vertebrate it May adapt a totally different function. Below we 
discuss some of the more convincing evidences, 

(a) The Pentadaetyl Limb : The fundamental skeletal parts 
of the hand and arm of man, the foreleg of! the horse, mole 
the forelimb of the man, the wing of the bird or bat and the 
flipper of the seal or of the whale are. basically alike. Although 
bird might not have the full-quota of its digits, still, the general 
homologies of the limb are evident. In vertebrates above the 
fishes, the penta (=five) dacty! (= digits) or five-toed limb is the 
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type from which all others have been derived. However, when 
there are deviations to the extent of reduction (as in bird or 
horse), these are to be explained on the basis of adaptation to 
very special conditions. 


Humerus 


Radius. 


Fig. 8'2. Homology in the forelimbs of different vertebrates, 
(A) bird, (B) bat, (C) -horse and (D) human. 

The same pattern is true for the hind limbs also, although 
here also the primitive pentadactyl pattern may bə modified 
because of loss through special adaptations. Besides, when 
Vertebrate limbs are swathed in flesh, a surprising agreement in 
the arrangement of the main muscles, nerves and blood vessels 
are seen. The agreement is so exclusive that in comparative 
anatomy the same name serves for the corresponding part no, 
matter what the vertebrate 

Even in fishes, the paired fins (¢.f.,crossopterygii) can bs 
Toughly homologised with corresponding parts of the pentadactyl 
limb. From Amphibia, the pentadactyl limb can be, easily 
homologised in all vertebrates. As we look deeper and deeper 
into the strata of the earth we find the fossils of gradually older 
ancestors which are all clawed and hoofed five-toed ancestors. 
These were supposed to walk flat-footed, that is with heal and ‘toe 
in contact with the ground as even to-day is done by man Pun 
thel bear, Obvious examples of. how original "patterns become 


b 
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Obscured through Changes in use are provided by land-dewelling 
mammals like whales, Seals, etc. which have once again returned to 


Water. 


Fig. 3'4, The normal five-digited limb of Seal. 


The flipper of the seal (Fig. 8'4, although bear e 
superficial resemblance with the fore-limb of a dog or man, still whe 


Fig. 8*5, Oomparative 
representation of Brain of 
Vertebrates : A. Fish, 
,B. Amphibia, O. Reptilia, 
D. Bird aud E, Mammal, 


the fin-shaped cover of the appendage 5 
removed, the normal five-digited limb i$ 
Tevealed.' In whales, although the fori 
limb shows more or less the same seallike 
pattern, the hind limb is totally lost in 
Some, execpt ina few species where traces 
are still present. This is again, a func 
tional modification , because it is the tail 
and. not the hind-limb, which is largely 
modified for the purpose of propulsion 
through water (for locomotion). 
(b). The vertebrate brain also provides 
evidence in favour of evolution, so much 
So that even the structural pattern 
including the various divisions of As 
brain of man is found. to be piain 
foreshadowed. in lowly organised verte 
brates like fish or the frog. The 
Olfactory regions, cerebral hemisphere? 


) 
Pineal outgrowth (dorsally) and. infundibular region ( ventrally 
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optic chiasma, optic lobes, a cerebellum followed by a medulla 
oblongata which tapers gradually into a spinal cord. A ‘careful 
study of the vertebrate brain reveals that many additional and 
even minute homologies including the disposition of cranial nerves 
(10 pairs in lower and 12 pairs in higher forms) to the different 
parts of the brain. 


Common ancestry : In the face of such convincing evidences, 
the only rational conclusion is that through successive generations 
extending over millions of years the organisms originally belonging 
to the same species have split up time after time to form new 
species and gradually diverged more and more.to suit the changing 
conditions of life. 


(c) The heart and circulatory system of vertebrates also shows 
interesting homologies. In fish, a two-chambered heart formed 
of an auticle and a ventricle only which is transformed into a four- 
chambered heart in birds and mammals through the intermediate 
forms like. amphibians and reptiles (Fig. 8°6 ). The two- 
Chambered heart of fishes. is not only simple, but also efficiently 


RAtrium 


Fig. 8'6. Comparative representation of Heart of vertebrates 
from Wish to mammal, D 
adapted to the aquatic environment. With the change of habitat, 
the amphibian heart (Fig. 86) became three-chambered to 
Prevent the admixture of the oxygenated and deoxygenated blood. 
But even then, it was not sufficient to serve the purpose. In reptiles, 
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although the heart is basically three-chambered, the single ventricle: 
is partially partitioned by a vertical septum. In crocodiles, this 
ventricular partition is almost complete. However, in birds and 
mammals the heart is completely four-chambered and the arterial 
and venous blood is kept completely separated. (Fig. 8*6) 


In the embryology of any bird or mammal the whole gamut 
of stages run from two to the four-chambered ‘condition followed 
by corresponding shifts of the arterial arches. From the fact 
that six arterial arches appear in the embryos usually, it is 
Supposed to be the ancestral condition. 


- 


Significance of Homologous and analogous organs in evolution : 


From the above, it can be clearly understood that homology of 
organs (or part thereof) or homologous organs are organs which 
R are derived in course of evolution from 
the same structure of a common 
ancestor. From the same point of view 
homologous physiological processes are 
also related. However, they may be 
quite differently modified. in adaptation 
to different functions. 
Definition —Homology of organs 
í : means similarity in fundamental struc- 
Fig. 87. Owen (1343) — tures, or even in parts which may have 
Proposed the term ‘analogous become differently modified in adapta- 
orega, tion to different functions. In fact, 
homology is a question of Parentage, a stamp of heredity. 


Analogy of Organs : Definition —Analogy signifies merely coin- 


cidence of function of different organs, it accompanies similarity 
of environment, 


Thus, the pentadactyl limbs of different vertebrates, notwith* 
Standing their apparent structural dissimilarities and functional 
diversities, are homologous organs by virtue of their essential 
Pentadactyl pattern of structure. On the other hand, the 


N 
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wings of insect, bird, bat and the extinct pterodactyl are ali. 
organs of flight, hence functionally similar and as such. They are: 
all analogous organs. Again, the 
wings of the birds, bats and the 
pterodactyls are examples of both 
homology and convergence. Because 
they illustrate convergent evolution, 
since each have acquired the power 
of flight quite independently and 
have not inherited from a common B 
ancestral winged form. On the 
other hand, the wings of an insect 
and a bird (or bat) are only 
analogous organs, while that of 
the bird and the bat are both 
homologous and analogous organs. 


c 


Fig. 8'8. Analogous organs; 
A. wing of butterfly, B. wing 


In plants also there are various of bird ©. wing of bat, 
examples of homologous and analogous organs. Some examples of 
homologous organs are’ given 
below: (1) (a) The phyllo- 
clade of cactus, (b) The 
cladode of satamuli, (c) the 
tendrils of harjora (Fig. 810) 
(d) The rhizome of ginger 
(Fig. 8'9) ; all are either normal. 


Fig. 8'9. Rhizome o! ginger—a " 
modified stem, stems or their modified forms. 


(2) The phyllode of acacia, tendril of Chhagalbati (B):are’ 
modified petioles. 


(3) The stipules of pea, the thorn of palm, the tendril of 
gourd are all stipules or their modified forms. 

Some examples of analogous organs in plants : The leaf-like 
modification of the phylloclade[of cactus (Fig. 810), the stipules of 
Pea and the phyllode of acacia are although different organs, still 


fa 
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they all have been modified in one direction to perform the same 
function in response to their adaptation: 


Fig. 8'10. Homologous organs in plants: (From left) cactus, 
Satamuli and harjora. 

Man's zoological position also indicates its origin through process 
of evolution and provides evidence of evolution. Because, man is 
bone for bone, muscle for muscle, nerve for nerve, in striking 
agreement with the higher apes. Besides, from the standpoint of 
Psycho-social evolution, man’s method of giving birth to the young 
and nourishing them is the same as their’s. What is more is this, 
hundreds of inter-related parts of human body has its counterparts 
in man-like apes, 

Homologies in Invertebrates : 

In great sections of invertebrates common plan of organization 
is also found. If we consider the metameric invertebrates. which 
include earthworm, centepede, insect and the like, it is found that 
they all are built in a pattern like the vertebrates, which is 
reducible to the tube-within-tube type, But topography of the 
main organ systems are very different from vertebrates. 

In the Arthropods, the primitive plan of metamerism has 
become much different from the worms to meet different living 
conditions. 

,, Tn insect even a greater specialization has transpired, but serial 
omologies are still discernible. Further, it will be observed that 
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the most conspicuous deviation from the ancestral conditions are 
observed in those parts which remain in contact with the surroun- 
dings: and usually such, changes are related to the benefits of the 
organisms in changed conditions of life. Hence, the internal 
structures give a closer. view of the actual evolutionary process, 
since, “the inside of the animal tells the real history of its ancestry, 
while the outside tells us where its ancestor have been." 

(d). Vestigial Organs: These are rudimentary, functionless 
organs found in animals and plants, Thess also attest to organic 
evolution. Biologists argue that thes? vestigial structures can be 
explained only on the basis that previously these structures were 
present in their full-form, Muscles to move ear 
but now they have turned 2 y 
completely functionless- 
The vestigial organs that 
have lost their adaptive 
functions still continue to 
persist in a dwarfed con- 
dition. These structures 
provide mute testimony 
of organisms’ descent absentee o 
from other species. 

Man is, perhaps the 
best example to explain Appendix 
the vestigial : 

AMARE o aia 

rfebrae (Coccyx) 
nearly 100 such charac- 
ters in man (Fig. 8'11). 
The best known example is the vermiform appendix of man 
(Fig, 8°12), which serves no useful purpose in man and often 
becomes infected and inflamated and has to be removed. In other 
this structure is much longer; while in the 
the appendix of the caecum is a functional 
tem. The appendix of man, hence, is 
legacy from his ancestor. 


> Nictitati 
pein at 


Fig. 8'11. Vestigial organs in human being: 


primates, however; 
rabbit, for example, 
part of the digestive sys 
understandable as a degenerating 


814 A TEXT BOOK OF BIOLOGY 


Another example of a vestigial structure in man is the semilunar 

a fold or plica semilunaris at the medial 

TN EX Coon — angle of the eye. This fold is the 

NS remnant of the fully-functional nicti- 

tating membrane of other vertebrates. 

These structures, however, has no 
function in man. 

We are familiar with the way 
that some other mammals live and 
do. The cow, the dog and the horse, 
for example, are able to move their external ears or pinna for the 
more efficient detection of sound. 
the muscles necessary to move the 
external cars are rudimentary and 
functionless. All these vestigial 
‘structures are quite a testimony to 
the many stages of man’s long 
ancestral history. 

There are numerous examples 


Fig. 8'12, Caecum and appendix 
of human being, 


of vestigial structures in various du 
animals, B:low, we mention a few Sabato 
of the more striking examples : Fig. 8:13. Thoracic basket and part 


(a) Rudimentary hind limbs of vertebral column of python. 
are found in the Pythons (snakes) of India and Africa, 

(b) Ia some species of whales there are vestigial evidence of 
pelvic girdles, 

(c) In the ungulates ( horse, etc.) the’ fibula is mere 
vestigial. 

(d) A large number of mammals (asin a horse ) are able to 
move their skin by means of subcutaneous muscles which protect 
them against the sucking of flies, This Phenomenon is known as 
Panniculus Carnosis. 

(e) The blind Salamanders, in one way or another, give 
evidence of vestigial eyes, while the sightless Crayfish of the caves 
show vestiges of eyestalks without the eyes, 


Py 
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(f) In kiwi or Apteryx of Newzealand no trace of wing is 
visible externally, bat 
«clos? inspection reveals 
a minute rudiment of 
wings still persisting 
under the long hair like 
plumage (Fig. 8°14). 


(g) In plants, the 
cutin-covered stomata is 
present on the stems of Fig, 8'14, Kiwi ( Apteryx )—a wingless bird, 
the Cacti ; the sterile stamen of mango (Fig. 8:15), the functionless 
synergids and antipodals in 
the embryo sac of the mature 
megagametophyte of the 
angiosperms; the useless 
flagella on the cycad sperms 
(that are passively trans- 
ported to the egg ) represent 
good examples of such 
vestigial organs. 


Tig. 8:15, Vestigial organ of mango flower 


Other examples of. vestigial organs are the sterile stamens of 
anna ( B. Sarbajaya ), Mango and carpels of Cocos (coconut). 


(e) ‘Missing link’ or Intermediate forms: It is evident that 
there are certain intermediate forms which bridge the wide gap 


Fig. 8'16. Monotreme—a missing link. 
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between two large groups of widely different animals in the 
Sequence of evolution. The Monotremes (Fig. 8:16) of the present- 
day, possess in their characters about half of the reptilian 


features, while the other half 
is strictly mammalian. There 
is, evidently striking dissimi- 
larity between a reptile and 
a mammal. But, evolution 
relates that the mammals have 
been derived from the reptiles. 
Similarly, the amphibians have 


taken 'heir origin from fishes. : 


The large gap between the two 
distinctive groups may have 
been bridged over by certain 
fossi! crossopterygian fish. The 
diagram shows how the Devo- 
nian fossil might have bridged 
the gap. The pectoral fin gives 
a glimpse to the rudiments 
of fore-arm-bones, This idea 
would not have been acceptable 
in the absence of any such 
intermediate form, like the 
Monotremes which links up 
the two widely different groups 
by exihibiting an admixture of 


Fig. 817. A, Diagrammatic representa- 
tion showing how the gap may have been 


the fish and the 
fringe-finned ganold 
amphibian 


bridged between, 
amphibian; 1, 

( crossopterygian ) ; 2. 
B. right pectoral fin of a fossil ( upper 
Devonian ) crossopterygian, Sauripters 
taylori: H, U, and R, hypothetical 
foreruners of humerus ulna, and radius ; 
Cv, clavicle, Sc, supracleithrum. 


mammalian and reptilian features. 


Below we tabulate the striking characteristics of both the: 
Teptilian and mammalian features of Monotremes. 
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Table 81 
Reptilian Characters 


1. Excepting cervical, ribs are 1; 
single-headed. 
2. Absence of Corpus callosum. | 2. 


3. Presence of T-shaped inter- | 3. 
clavicle and epicoracoid. 

4. Presence of  epipubic or | 4. 
marsupial bone. 

5. Both aortic arches present. | 5. 


Sy 


6. Testes abdominal. 

7. Oviparous ; eggs with heavy 
yolk. 

8. Temperature of the body is 8. 
not constant. 


i 


Fossil intermediate ine are Arch 
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Mammalian Characters 


aaaea 


Presence of  body-hairs 
(soft fur). 

Presence of mammary gland 
and other cutaneous glands. 
Presence of distinct pinna. 


No such bone. 
Presence of left aortic arch. 


Temperature of the body is 
constant. 


Presence of diaphragm. 


Cerebellum well-developed. ~ 


Viviparous ; — fertilization 
internal. 


—— 


aeopteryx and another toothed 


bird Hesperornis.—It was a large (about 5' Jong) flightless water 


bird. This toothed” "bird of creta- 
ceous was well-adapted in catching 
fish. These link the reptiles with 
the birds, Among the invertebrates 
now living, the example of Peripatus 
can be cited, which forms an inter- 
mediate stage between Annelids 
and Arthropods. In plants, Pterido- 
sperms are considered as inter 
mediate form between Ferns and 
Gymnosperms. 

Below is tabulated the main 


Fig. 818. Fossil bird 
Archasopteryx— a missing link. 


characters. which Archaeopteryx shares with both. the reptiles and 


the birds (aves). 
Biology (I) — 8 
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Avian features Reptilian features 
l. Skull—bird-like with roun- | 1. Presence of toothed-jaws. 


ded brain. 
2. Ribs single-headed ; devoid 2. Absence of keel in the 


of uncinate process. sternum. 

3. Fore-limbs modified into 3. Absence of pygostyle. 
wings. 

4. Amphicoelous vertebrae, 4. Cranial vertebrae 20-22 in 


number forming a long tail. 
5. Tail covered with feathers. | 5. Tibia and fibula are of 


equal length. 
eS eS n SAE 


Table below shows the sharing of Annelidan and Arthropodan 
characters by Peripatus. 


Table 8:3 


Annelidan Characters Arthropodan Charaeters 


1. Metameric worm-like form. l. Presence of jaws and paired 
arteries. 

2. Presence of paired nephridia. | 2. Exteraal appendages are 
arthropodan in form. 


3. Oral papillae present, 3. Presence of a pair of simple 

eyes. i 

4. Presence of cilia in the | 4. Respiration by —trachial 
gonoduct, tubes. 


Biogeographical evidence : Biogeography deals with the distri- 
bution of plants and animals on the surface of the earth. The 
pattern of such distribution points to the fact of origin of species. 
Animals and plants are often separated by wide oceans and 
mountains, But nevertheless, they originated from common 
ancestors, so their similarities are often noticed although occurring 
in widely separated areas, The reason is that the surface of the . 


m. 
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earth had undergone changes and oceans have arisen where 
mountains stood thousands of years ago or mountains and plains 
have arisen where once oceans stood in ages loag gone by. 
Evidence from geographical distribution: No region of the 
earth's surface is devoid of living organisms. But, the distribution 
of plants and animals is not uniform. It is obvious that some 
organisms found in certain regions are conspicuously absent in 
others ; for example, the tiger is found in Asia, but not in Europe. 
Similarly, the elephant, the lion and the rhinoceros are found in 
India and Africa. This discontinuous pattern of distribution can 
be explained by assuming that a particular species arose at a 
definite place and then migrated to various regions from the centre 
of origin in search of congenial environment to live and reproduce. 
The distribution of animals as we find in this modern age is 
decidedly different from those of the past ages, when the configura- 
tion of the earth was different. Geographical distribution reveals 
Sometimes a particular species or allied species migrate to a very 
distant region and may afterwards remain separated by impassable 
barriers and thus becomes widely separated by being subjected to 
entirely different climatic and other conditions. Thus, like 
organisms sharing the same ancestry, in course of geological time 
become decidedly unlike because of living in two regions having 
Sharp differences in climatic or life conditions. 
For example, magnolias are found in south-eastern parts of 
U. S. A. and Asia at present. The fossil evidence indicates that 
they had a continuous range of distribution in the past warmer 
age. During glacial age they could not stand the severe climatic 
condition in many parts of the world. If these bad independent 
Origin in widely separated areas it should be expected that they 
Should be present in other areas having similar climatic condition. 
The strongest evidence from biogeographical data may be 
furnished by the studies of plants and animals on oceanic islands. 
These islands are formed by volcanic eruptions and far removed from 
the nearest continental shelf. For instance, Galapagos Archipelago 
is situated some 500 miles off the west coast of South America. 
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Darwin found that the plant life in each of the islands, although 
revealed a close kinship for each other, they were nevertheless, 
specially distinct. Further, all of the plant life on these islands 
evidenced a less close degree of kinship to similar plants of the main 
land of South America. This similarity cannot be explained on the 
basis of soil or climatic similarity. 

The simpler and most plausible explanation is that the species 
of plants on various islands represent plants which migrated from 
the mainland and were subsequently changed and adapted. It may 
be further explained that isolation of the plant species in these 
islands effects the segregation of a Species in small groups and thus — 
sets the stage of mutant genes, Gradually, the small groups would 


Fig. 8°19. Darwin as naturalist-interpreting discontinuos distribution. 


in time become distinctly different from one another. Under the 
circumstances, isolation would sustain the diversification of 4 
species by impeding the intercross between these groups. Thus, it 
may be concluded that ‘these variations between the flora of the 
islands and the South American mainland is an expression of 
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heredity, but the speciation is effectuated by modification through 
a slow accumulation of mutation preserved from hybridization by 
isolation. 

Darwin was also impressed with the fauna of Galapagos islands, 
particularly with the Finches (a type of bird allied to the sparrows). 
These birds of the islands, like the plant species presented a close 
kinship with each other, but each species was specifically distinct. 
These birds were related to those of the mainland of South 
America. Here again, it may be said that long ages ago, the 
ancestor of these finches had come from mainland of South 
America and in adaptation to the environment, particularly to the 
availability of food, various changes occurred in them ; special 
reference may be made to the variety of beaks formed in different 
island finches. 

Darwin suggestei that poor population of the oceanic islands 
was due to long water-barrier which were. crossed by a particular 
species which becomes subjected to the particular climatic (environ- 
mental) condition. They had to modify further to compete with 
the existing inhabi- 1 
tants. In course of 
time this will give rise 
to new species and the 
Oceanic. barrier will 
keep them captivated , 
in the island. 

Thus, it may be 
concluded» that the - 
geographic . distribu- Fig. 8'19, 
tion of organisms finds 
reasonable explanation on the basis that plants and animals migrate — 
from centres of origin and become. modified mutationally to cope 
with different environmental conditions. i 

As a result, changes occurred in the organizations of individuals 
and led to evolution of new species. The two islands, Australia and 
Newzealand were once continuous with the main land of Asia, but, 


Darwin's historical Voyage-ship— 
The Beagle. 
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got separated in Cretaceous period, so they retain the Monotremes 
and Marsupials still, while in Asia they have been replaced by 
Carnivores. 

(g) Evidence from inheritance— Genetics : Natural forces of 
isolation and natural selection interact with these mutations which 
finally determine the character of the organism with deviation from 
original, Hence, similarity or dissimilarity of the genetic consti- 
tution of the organism appear to be similar or dissimilar. 

This genetical inter-relationship is demonstrated experimentally 
by hybridization method. The gametes in individuals arising of 
nearest common ancestor unite to give rise to an organism with 
different genetical entity, but itself, remain non-fertile or sterile. 

Darwin was not aware of the mechanism of inheritance for 
Mendel’s work on heredity was unknown to him. But he was 
confident that changes or variations which could be transmitted to 
the offsprings, (that is hereditary) would have any meaning for 
evolutionary process. He rightly thought that most of these had 
very slight differences. But, the term mutation in earlier time, 
meant only large differences and were so harmful to their possessors 
that they could not, in any case, increase an individual's chance 
of survival. 

However, today it is clear that the hereditary traits of all living 
organisms are products of their genesand chromosomes. These pie 
subject to constant changes. Hence, the characteristics of a spesiee 
is also changeable and with time, the hereditary makeup of an !n* 
dividual is subject to alteration or change. This basically, through 
mutation and variation leads, to evolution. The experiments 0n 
the study of induced mutations convince us not only that evolution 
occurs, but also gives us sufficient knowledge to speed it up or tO 
alter its course. 1 
ag Amongst animals mule is a common example which- is formed 
through the union of horse and ass. Mule is a domesticated useful 
animal of man, although it is a sterile hybrid. 

Another instance is the Origin of adaptiveness in Biston bettlaria t 
One of the examples of evolutionary changes is, the development 
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of dark melanic species of moths in the industrial regions of 
western Europe. A moth Biston sp. of Manchester was: of two 
species—(i) Biston bettlaria (light coloured) (ii) Biston carbonar ia 
( darker variety ). the species Biston betilaria were predominant 
before industrialisation in Manchester. But with the progress of 
industrialisation the darker variety 
became predominant over the 
lighter variety moths. Scientific 
experiments showed that the 
darker varieties were mutants of 
the lighter variety caused by the 
deposition of melanin. Previously 
the lighter varieties, in order to 
match with the lighter surroun- 
ding, and. to escape the eyes of 
enemies, were predominant. Here 
the surroundings caused the 
Sudden change of the gene respon- : 

sible for the colouration. So, we YE VEG EI 

can conclude that the darker Below ; „Blaton: betularia. 
Varieties produced due to industrialisation’ were stabilised by 
Natural Selection and the lighter varieties gradually disappeared 
due to their non-adaptiveness. 

Similarly, many of our domesticated plants are polyploids, namely 
wheat, cotton, tobacco, etc, It has been shown experimentally that 
two OF more diploid species gave rise to each of these polyploid 
Species. For example, three diploid species gave rise to hexaploid 
(Qn= 42) wheat. Such evolution results from hybridization which 
give rise to a sterile hybrid, which again through doubling of chro- 
Mosome number restores fertility (This type of hybrid derivative is 
known as amphidiploid). Mutations also, played significant role 
M evolution. For instance, in common wheat due to mutation it 
behaves like a diploid, so far as meiotic pairing is concerned ; hence 
no sterility is found. n ; ) if 

From the above, this is evident that while recombination after 
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hybridization will yield new combinations, mutation is the creative 
agent for new genetic material. 


(h) Evidence from geology—the study of fossils: Geology 
provides certain evidence through its branch, palaeontology ( Gr, 
palaios — ancient ) which deals with the study of the fossils. In fact, 
it is this branch of science which links geology with biology. The 
material which forms the crust of the earth is known as rock which 
has been formed in layers over millions of years and are arranged 
chronologically. The layers are known as strata and the oldest one 
lie at the base and the newest at the top. Ancestral plants and 
animals are preserved in the layers of the earth either as impres- 
Sions or as calcified lumps. These are known as fossils. The 
earth has different strata. These strata have been formed by depo- 
sition through thousands of years, The age of the earth is broadly 
divided into three periods, viz., palaeozoic, mesozoic and tertiary, 
Corresponding to very early, middle and modern ages. Any fossil 
found in these strata can be approximately identified to that parti- 
cular age. From the study of the fossils, variations are observed 
which are correlated with the present forms and related types are 
known to be the ancestors of the present forms. For example, the 
Present horse has various types of ancestors living in different 
periods but through evolution gradually the present form has 
appeared. The mammals and other vertebrates are preserved mon y 
easily as they have bony skeleton but the invertebrates are less avai- 
lable as fossils except those which had hard external coverings, as 
because soft body structures are unsuitable for preservation. 
Similarly, the woody plants are easily fossilized than the plants 
lacking hard tissues, 


The geologists have divided the earth’s crust into a number of 
major divisions mainly based on the investigations of forest-bearing 
Tocks. Accordingly a time-scale has been framed to indicate the 
entire past history of the earth. 

The modern time-scale is divided into some major divisions 
known as eras which are Subsequently divided into periods which 
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are further divided into epochs. Below is given a table mentioning 
the eras indicating the time-period lodging the types of fossils. 

THE ERAS 

I Archaeozoic—period of initial life. 

II Proterozoic—period of earliest life. 

UI Palaeozoic—period of ancient life. 

IV Mesozoic—period of middle life. 

V Cenozoic —period of recent life. 

Geological Time-Scale«, in Millions of years, since the 
beginning of each epoch (Holmes, 1760). 


-————— 


In Million Years 


Era Periods i Main ossils 
z and Epochs 
0 Recent 
1 Pleistocene — First fossils of man 


10 Pliocene 
CENOZOIC 25 Miocene 

40 Oligocene 

60 Eocene, 

70 Palaeocene 


135 Cretaceous 


MESOZOIC 180 Jurassic — First bird fossils 
225 Triassic —First mammalian fossils 
270 Permian 
350 Carboniferous — First reptilian fossils 
400 Devonian — First amphibian fossils 
PALAEOZOIC 440 Silurian ui 
500 Ordovician — First vertebrate fossils 


—___600_ Cambrian 00. ———— 


THE PERIODS 


The periods are the fundamental units of the standard 
geological time-scale. The period refers to a specific interval of 
time. The time-scale includes 12 periods, which are as follows— 

ere eee ae 


* First framed by Giovani Avdunia in 1760, 
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1. Periods of Palaeozoic ( from below upwards ) : 
(i) Cambrian (ii) Ordovician 
(iii) Silurian (iv) Devonian 


(v) Mississippian These two.together are called the 
(vi) Pennsylvanian ] carboniferous. 
(vii) Permian 


2. Periods of Mesozoic ( from below upwards ) 


(viii) Triassic, (ix) Jurassic, (x) Cretaceous. 
, 3. Periods of Cenozoic ( from below upwards) : 

(xi) Tertiary. (xii) Quarternary. 

THE EPOCHS 


The subdivisions of the periods have been called epochs. The 
epochs of the Cenozoic periods are ( from above downwards ) : 


(1) Recent Quarternary period 
(2). Pleistocene ] 

(3) Pliocene 

(4) Miocene 


| 
. (5) Oligocene $+ Tertiary period 
'(6) Eocene { 
J 


(7) Palaeocene 
Types of fossils». _ 


1. Petrifaction (or pseudomorph)—In such fossils, the original 
structural pattern is preserved through mineralization ( Fig. 822) 


Fig, 821. A. Intact preservation Fig. 8'22. B. Petrified fossils of 
) of an insect, Trilobites. 
TESS term fossil is derived from Latin word fossilium, meaning something 
Q - d 


CH 
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In this process the original substance (hard parts ) is replaced, 
molecule by molecule by mineral substances gradually and thus the 
contour of the organism, as also its histology is preserved. 

(2) Intact preservation— This occurs when organisms are 
preserved by nature with original substances more or less intact. 
This is done when, for instance, the insects are preserved in crystal- 
clear amber. Amber is a resin exuded by pines and soft enough to 
engulf small insects. In course of time the resin becomes hardened 
and modified to form amber, which can preserve the delicate parts 
of the insect (Fig. 8°21). 


UR. 


(on 


Fig, 8°23. A. Fossil restoration of Archaeopteryx lithographica, B. The 
same reconstracted, C. Fossil form of wooly mammoth. 


8) Moulds—These are natural casts. These are formed through 
the hardening and subsequent conversion of the surrounding regions. 
encircling the organism. The enclosed organism disintegrates and 
removed by natural process while the surrounding stonezforms a 
 Càvity which depicts the exact external morphology of the once- 
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enclosed organism. However, this does not preserve the internal 
“structures, j 

(4) Entire fossil—These are formed when the entire animal is 
Preserved. Prehistoric animals -like mammoth is preserved. when 
frozened in the snowy-bed of Siberia and Alaska (Fig. 823, C). 


(8) Footprints— This type of fossil is formed, when the foot- 


prints of roaming animals on soft clay gradually hardens and turns 
into rock in course of time. 


(6) - Unaltered preservation of hard parts—Hard Structures, 
like bones, teeth, shells, etċ., are preserved in the geological strata, 
and remain more or less unaltered, 


Fossils and their importance—Fossils are important means for 
identifying rock's strata and are not structurally identical with most 


(n 
£QQUS (Present Day horse) d 
. AA sg! f 


: a 
FOhippus  Hindlimb. Forelimb Skull 
(Evolution of horse) 


Fig, 824, Phylogeny of horse ; The diagram indicates the three main lines 


of evolution size, lenthening of the long limbs and the skull. 
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of the present-day organisms, The evidence from palaentology: 
gives us the basis of understanding the process of evolution. 
Estimation of the geological time-scale in a precise scientific way 
gives almost a correct age of various fossils. A co-relation 
between this time-period and the available fossils, provides a 
positive clue to determine the period when such organisms were 
. existing. 

For example, the origin and evolution of horses depicts a 
most speculative success of a race in course of its phylogenetic 
development. In fact, the available fossils give almost a chrono- 
logical development of the animal buried in the pages of the 
earth’s history. This may be clear from the study of the evolution 
of modern horses (Fig. 8°24). à i 

(1) Modern horses have reached the highest grade of cursorial 
adaptation. The whole of structural organisation of horses is 
due to the perfection in food-getting mechanism and in attaining 
Speed. 

(2) It took sixty million years to complete the phylogeny of 
horse. Eohippus was the ancestor of the modern horses. 

(3) In the lower Eocene bed of North America, Eohippus - 
was the first recorded fossil which showed equine adaptation. 
It was a four-toed form and each toe terminated in a hoof-like 
nail. Besides, the permolars were becoming molarised. 


regal 


Fig. 8'25. The march ct horse through evolntion—A to E.’ 


(4) From this Eohippus having 4 digits in the fore-limb and 3 
digits in the hind-limb, gradually modern horses with a single: - 
toe covered with hoof and specialized deep crowned molars, 


* 
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“appeared. The line of progression is Eohippus,—>Mesohippus> 
Merychippus-» Pliohippus-» Equus (Modern horses). 

Plant fossils : Similarly there are various plant fossils which 
were mostly abundant in Devonian period. These establish 
ancestral relationship 
between related groups. 


Examples of plant 
fossils— Rhynia and 
Psilophyton both from 
Devonian (Fig. 826, 
827 ). 


Fig. 820. Rhynia—A pteridophyte plant Fig. 8'27. Psilophyton— 
fossil of Devonian period. another plant fossil. 


Determination of the age of the rock ; Various methods have been antati 
by scientists to calculate the period of fossil formation which has a profoun 


influence in furnishing evidence of evolution, Below, two of the more important 
methods are discussed in outline, 


1. Carbon method —Radio-active carbons are utilized in this method. Thigis 
particularly effective in determining the age of fairly recent fossils, Carbon ig 
utilised by all organisms of which a constant and insignificant quantity is radio 
active. It is known that a particular quantity of radio-active carbon in 9 
Span of 5,760 years looses half of its weight, The amount of radio-active carbon 
of the fossil in question is estimated and compared with similar fresh material's 


radio-active carbon quantity, The calculated difference gives the age of the test 
material, 


s 
" 
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2. Uranium-lead-method : This dependable method is based mainly on 
‘the principle of disintegration of radio-active uranium into stable lend, the rate 
being constant. It has been calculated that one percent of natural disintegration 
of uranium takes place in 66 million years, Through this method the actual 
age of the strata in which the fossil is found is estimated by comparing the weights 


of uranium and lead. 

Living fossils: While fossils are remains of extinct animals 
that lived in the past, there are certain animals and plants still 
living without any major 
change in their characters, 
which should have been extinct 
and fossilised long ago. These 
organisms are known as living : 
fossils. 

Living fossils are ancient 
"organisms and since long time 
Passed have retained their. 
Primitive characters through 


Centuries and have not been lj 
i , ig. 8°28, ‘living fossils’ ; 
Subjected to evolutionary Mate Wasi oe 


t z x A. Monotreme, B. Sphenodon, 
modifications. Although their d TIENE: 

nearest associates have become 

€xtinct long ago in course of evolution, it is a mystry how they 
have retained their primitive existence. Living fossils reflects 


vL 


SS 
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Fig, 8'29, Ooclacanth*—fairly recently discovered a living fossil— fish, 
\ 


the evolutionary picture of themselves as also the allied group. 


Below are given certain examples of the forms : 
$ 
E First discovered in Africa (1938) and later in Madagascar (1958) by Miss, Latimer. 
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A. Animals: ; 
; Class Order Specimen 
(a) Vertebrate—| (i) Reptilia Rhyncocephalia Sphenodon 
i |. punctatum 
i : Specimen 
(ii) Superclass Class Sub-elass Latimeria 
` pisces Osteichthyes crossopterygii | (Family 
coelacanth) 
(b) Inverte-. Phylum Class Specimen 
brate (i) Arthropoda| Xiphosura Tima (King- 
cra 


(ii) Arthropoda! Onychophora | Peripatus 
B. Plants : 


t ———— 9  À—À—— ——— 
(a) Pteridophyta | example | Equisetum 
(b) Gymnosperm | example Ginkgo oF 


(i) Evidences form Bio-chemistry and physiology: All living 
organisms exhibit similarities in their chemical structures and 
functions i.e., in their bio-chemical composition, as well as in their 
physiological activities. 

All plants and' animals on the bio-chemical level are reduced t0 
C,H, N, and O. These unite to form carbohydrates, fats and pro" 
teins, which are the fundamental constituents of the living matter, 
the protoplasm, Protoplasm, thus formed is compartmented to 
form cells, the units which constitute the body of all living 
organisms ; the organisms, however, may be unicellular. or multi? 
cellular. Besides, the nucleus which is the essential component of 
all living cells have chromosomes which have fairly constant 
chemical composition being composed of nucleic acids and proteins. 
The nucleic acids also are structurally rather uniform in all living 
animals and plants and all have the samie basic or fundamental 
plan. This can be accounted only by presuming that all livin 
beings have gradually evolved from a common primitive ancestor. 

` Likewise, in a variety of anima! groups similar types of enzymes 
and hormones are found. For instance, the protein splitting enzyme 


[s 
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trypsin is found from protozoa to mammals ; amylase is found from 
sponges to man. 

Thyroid hormone is found in all vertebrates which is identical 
in nature and inter-changeable. For instance, human thyroid extract 
can induce metamorphosis in frog tadpole. 

This similarity is possible only if we assume that all such 
organisms have descended from a common ancestor. 

Comparative serology affords convincing evidences of inter- 
relationship amongst animals. The body fluids and tissues play: 
important role in furnishing such evidences. The precipitation 
method (serum test) is widely used in finding out such evidences. 
When anti-human serum is injected in the blood of dog or cat \the 
Precipitation does not occur, but when the serum is mixed with the 
blood of monkeys and apes (primates) precipitation is very frequent. 

This proves that man is more closely related to:apes than dog: 
or cat, 

In fact, the different species of a single genus exhibits very close 
Serological similarity, while they gradually differ with reference to 
order and family. 


Inter-relationship among plants : Serological technique has also 
been applied in ascertaining relationship among plants. In the 
Process, proteins of a particular plant is injected into the vein of a 
Tabbit which is immunised against the proteins of the particular 
Plant. Afterwards, the serum containing antibodies is collected 
and is divided into a series of test tubes. In the meantime protein 
solutions from different plants are kept ready in different test tubes, 
A few drops from different tubes are added to each antiserum tube. 
One which gives a precipitate when added even in a dilute solution 
are regarded as being closely related to the test plant. 

Further, application of precipetin* test to reptiles indicates that 
there exists close relationship between lizards and snakes and also 
between turtles and crocodiles, It also indicates that birds, and 
hence their reptilian ancestors are more intimately connected to the 


Eres leido gyre 
+ by Richard and Brown. 
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Crocodile group than to other forms of reptiles. Incidentally, this 
is exactly what the geological records lead us to believe. 

Again it has been demonstrated} experimentally through crys 
tallized. haemoglobins by bio-chemical methods that the animals 
which are taxonomically more closely related show more nearly 
similar haemoglobin crystals. This signifies similarity in the funda- 
mental chemical constitution of the respective haemoglobins. É 

Through the demonstration of the presence of certain specific 
energy-rich compounds known as phosphogensx in the muscles of 
vertebrates as also in Hemichordates and Echinoderms, their logi 
kinship has been ascertained. Thus, it affords a clue for Chordate 
ancestry through Echinoderms, 

(g) Embryological evidence : Embryology deals with the canli 
development ofan individua] beginning from clevage of the fertilized 
egg to the assumption of the free life by 
birth or hatching. Incidentally, it is 
found that certain developmental Stages 
are common to all metazoan animals 
and it appears that these represent the 
ancestral stages through which the 
metazoa as a whole might have passed 
in course of their racial evolution, 


Herein, lies the i tance of embryo- i 
HOES MEDHARG Of embry Fig. 8°20. Haeckel—who 
logical evidence, promulgated Bioyenotic law. 


Human mind was interested about pe 
the formation of human embryo. The “preformation theory 2 
One of the earliest attempt which defines that the embryo of y! 
individua] is already present asa preformed entity in the uter 


iut 
t Precipetin is one type of antibody. These are substances that forms a Mes 
tate when the blood serum Of the treated animal and the extract of the tissue 
as antigen are mixed together, energy 
* Phosphogens Play a key role in muscle contraction and supply the 50103, 
for resynthesis of ATP when it is broken down. In most of the vertebrate mu erto- 
it is present as a Specific compòund as creatine phosphate, while in most p 
brates the form ig arginine phosphate, In the primitive chordates ( Hemi 
dates ) both of the forms of phosphogens are present, 
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which represents a miniature adult ( Homanculus ). This idea, 
however, was obviously based on assumption, rather than on 
experimental evidence. Haeckel (1811) 
was the first to note the parallelism 
between the embryos of the higher forms 
and the adult stages of the lower forms. 
Von Bear (1828) strongly objected to 
Haeckels assumption and advocated 
that the embryos of higher animals 
resemble only the embryos and not the 
adults of the lower forms. However, 


Fig. 831. Von Bear— i ER t 
who in 1827 discovered below we discuss the main features o 


human ovum, Haeckel's ideas. 


Haeckel's theory: Biogenetic law may be summed up as 
follows : 

1. Haeckel's theory indicates that the entire phylogenetic pro- 
cess that occurred for billions of years are telescoped together in 
the short process of differentiation found in an individual’s sequence 
of development. 

2. In nutshell, ontogeny» is condensed in the form of 
Phylogeny. Two aspects of the law are notable,—(i) ontogenesisx is 
the Recapitulation of phylogenesis, (ii) phylogenesist is the 
Mechanical cause of ontogenesis, (iii) striking similarities exist 
between the developing embryos of different vertebrates. Each 
embryo, as stated before, passes through a series of stages reflecting 
the evolutionary history of the race to which it belongs. 

Ontogeny helps in establishing zoologica! position : In spite of 
Various difficulties which beset the application, the Recapitulation 
theory is an important supplementary aid to comparative anatomy 
as it helps to indicate the line of evolution by establishing 
homologies. Below is discussed the cases of the crustaceans, (a) the 
shrimp ( Penaeus ), a free swimmer, (b) the barnacle (Lepas hs 


D» 
i Developmental history of the individual. 
Developmental history of the race. 


8'36 A TEXT BOOK OF BIOLOGY 


sedentary animal, an attached form with a hard cuticle and without 
eyes and (c) the Sacculina, a curious animal with sac-like body, 
without mouth or sense-organs, parasitic on crab. Their adult 


Fig. 882, A. Adult shrimp and its nauplius, (B) ; O. Adult sacculina and itë 
nauplius, (D) ; E. Adult barnacle and its nauplius (F). 
appearance will point decidedly to their extremely unrelated o 
But, their developmental histories show that each hatches in the 
form ofa Nauplius larva, which gradually metamorphose to the 

characteristic adult crustacean form. 


Evidence in support : N- 
(a) Striking similarities exist between early embryos of differe 
vertebrates, A 
(b) The structure of heart and its development is similar 
amongst the vertebrates and the arterial arches are built up 02 the 
Same plan. p 
j (c) The formation of gill-slits in vertebrates are on similar 
pattern, | 
. (4) All Crustaceans pass through a Nauplius larval stage 
(Fig. 8°32). E 
(e) Kidney of higher vertebrates pass through pro- meso- 3 
metanephros stages, : 1 
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(f) Mollusca and Annelida pass through a trochophore larval 
stage. 


Quin. Blastula , Gastruk Sen. frog 
» „Blastula | Gas b ac Og (AMID 


Fig. 8'33. Schematic representation indicating the relationship between 

ontogenesis and phylogenesis. 

Vestigial organs and Recapitulation: With a knowledge of the 
evidences of recapitulation in mind, it becomes fairly easy to com- 
prehend the existence of and also significance of such vestigial 
organs, 

Innumerable vestiges appear during embryogeny, only to dis- 
appear again ( excepting occasional anomalies* ) before develop- 
ment is completed. 

Hence, they surely represent the relics of organs which 
Obviously were useful to their ancestors and find such fleeting 
existence in the present-day forms. 


Misconception of Haeckel's assumption: Though all contro- 
Versies regarding the problem have not arrived yet at a definite 
solution even to-day, the fundamental law has been very seriously 
questioned, 

There are remarkable cases in the animal kingdom where 
Haeckel's recapitulation theory does not hold good. Some examples 
are given below : J 


(1) Order in which organs appeared in phylogeny do not 


always correspond with that of ontogeny. 


* Sometim embryonal vestiges occur in man 

alia 3 es enhanced development of certain deut diea pecndmorary 

g in the occurrence of a tail, an open gill-ole 12 FRADI 
mammae, que 
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Teeth are developed before tongue except in mammals ( where 
tongue develops before teeth). In mammals, partition of ventricle 
develop first but in lower animals auricles divide first. 

(2) By detailed knowledge of the embryonic stages, it is now 
possible to distinguish earlier stages of development.  Characteris- 
tics of class, order and species are distinct even at early stages. 

(3) Gills of tadpoles are secondary adaptive characters and 
not homologous to gills of fishes. 

(4) Embryonic ancestors resemble adult descendents (Theory 
of Paedomorphosis). 


Fig. 8'34. Similarities in embryonic forms in 8 vertebrates (4—8) 
(5) Coenogenetic (new) character are intermingled with 
Palaeogenetic (old) characters. 
©) Stockard's experiment with fish embryo has invalidated th? 


ae principle of Germ-layer theory, not-to speak of recapitulatio? 
eory, 


3 
, So, Haeckel’s conception of embryos recapitulating the evo 
Onary stages in the individual's development is not strictly true 
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However, despite the objections some scientists find favour with 
the theory and a clear-cut analysis of the relation of phylogeny 
and ontogeny is forwarded by the Russian scientist Sewertzoft. 
Later modifications of Biogenetic law. 

. Heeckel had no clear idea about the structural ( anatomical ) set-up of the 
ancestral forms. In 1864. F. Muller extended an idea cf relation of phylcgeny to 
ontogeny in which he stated that evolution occurs either through the divergence 
from the ancestral path or by the addition of new stages at the end of development. 
Haeckel aub-equently accepted the latter idea and incorporated it in his theory of 
Recapitulation. Hence, the theory in its present form is better designated as 
Muller-Haeckel’s theory. 


Pallingenesis, Coenogenesis and tachygenesis. 

Tn course of long embryonic development, some adaptive characters also develop, 
besides ancestral characters, The occurrence of ancestral characters is known a8 
pallingenesis. "The occurrence of non-primitive but adaptive characters are known 
88 coenogene:is, 

Ths process through which aoosleration of*charaoters takes place that pushes 
back gradually further into embryonio life or are eliminated, is known a8 tachy- 
genesis, : 

Recapitulation in Haeckelian sense is not acceptable, neverthe- 
less, ancestral resemblance during ontogeny is a general biological 
principle. The significant assumption underlying classification is 
that fundamental similarities are found in closely related forms in 
embryonic development and implies the idea of “descent with 


modifications” as expected in evolution. 


(k) Evidence from natural system of classification (Taxonomy) = 
Classification of organisms owes its origin to Carolus Linnaeus 
(1707-1778). Starting as an artificial system for putting the living 
organisms in different ranks to avoid confusion, through the 
Periods of time it has practically approximated a natural system 
that reveals the actual kinship of the living organisms. 


of classification, as it stands to-day leads 


The natural system 3 d 
Us to. believe that although enormous number of species having 
y oftype prevails 


pronounced dissimilarities are in existence a unit 

among them, It has been proved that such similarities in funda~ 
Mental structures are due to an origin from a common parentage 
or ancestry ; that all living organisms are more or less related ; 
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this i$ exactly what the theory of evolution asserts. It indicates 
that the wide variety of existing organisms have been created due 
to the divergence of offsprings from a common parentage to 
Create dissimilar groups. This Process is operating through 
millions of years sincé the creation of life and is still operative. 
The earlier divergences have been widened into large gaps that 
Separates our major groups of plants and animals. However, 
the main groups after separation, have been very unequal in rate 
and degree of evolution. 


The force of evolution : 


The medium of evolution is the population. The raw materials 
of the evolutionary Process are the inheritable variations which 
appear among the individuals of a population, while the mechanism 
of evolution may be described as natural selection acting on the 
inheritable variations of a population. It may be defined that à 
population is a geographically localized group of organisms of 
the same Species in which the members interbreed preferentially 
with one another and also interbreed occasionally with members 
of neighbouring popula 
tions. The result of the 
close sexual communica- 
tion within a population 1$ 
a free flow of genes 
Hereditary material present 
in a part of population 
may intime spread to tbe 
whole population, through 
the gene-pooling and gen 
combining effect of sex. Therefore, in course of successive 
sexual generations the total Benetic content of a population may 
become shuffled and re-shuffled thoroughly. We may say that 4 
population possesses given gene pool and that the interbreeding 
members of the Population have free access to all components 
of that pool.(Fig, 8°35 ) Moreover, in as much as sister 


Species Population 
Fig. 8:85, Schematic representation 
of the gene pool, 
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populations are in occasional reproductive contact, the gene pool 
of one population is connected also to the gene pools of sister- 
populations. In this way, the total genetic content of an 
entire species continues to be shuffled among the members of 
the species. Changes in genetic systems, hence, inheritable 
variations, may arise in two ways—by sexual re-combination and 
by mutation. In each generation, some individuals may appear 
featuring new trait variations, as a result of either recombinational 
Or mutational processes. If these variant organisms survive and 
have offsprings of their own, then their particular genetic 
innovations will persist in the gene pool of the population, In 
the course of successive generations, the genetic novelty may 
Spread to most or all members of the population. 
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Fig. 8'386. Bush pattern of evolution. 

Hence, if differential reproduction continues in the same manner 
Over many generations, the abundant reproducers will contribute à 
Progressively larger number of individuals to the whole population. 

ene pool 


As a result, their genes will become preponderant in the g 
of the population. 

In searching, which individuals leave more offsprings than 
Others, we find that usually, but by no means necessarily, (nom 
that are best adapted to the environment leave more offsprings. 
Being well-adapted, such individuals on the whole are healthier 
and better fed, may find mates more readily, and may take care 


T 
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of their offsprings appropriately. However, circumstances may 
On occasions, be such that comparatively poorly adapted 
individuals have the largest number of offsprings. Ins'ances of 
this are sometimes encountered in human poulations, for example. 
In any event, what counts in evolution is not how well or how 
Poorly an organism copes with its environment, but only how 
many offsprings it manages to‘leave. The more there are, he 
Breater a role will the parental genes play in the total genetic 
Content of the population, By and large, the well-adapted 
organism contributes most to the gene pool. 


lve 
Theories of evolution: Various theories have been put gare ae 
the riddle of the precise mechanism of the development of complex an wee 5i 
the simpler ones, Although the earlier ideas wore mostly speculative, £ 


re of 
them have got classical value, Below, we discuss some of the theories that a 
interest, 


A. Primitive theories — life 

1, Theory of spacial creation—Till the middle of the nineteenth mores” the 
Was generally supposed to have been created by supernatural force. Wai I 
Genesis I (Biblo, Father Suarez (a Spanish priest) also propounde iid 
World was created by God in six natural days and that on the third day all li E 
Plants and that on the sixth day ancestors of all existing animals came 1n' 
existence, 

Needless to mention that the theory was discarded later. ipm 

2. Greek theories—(i) Thales (624-548 B.C.) proposed the aquatio 
Marine origin of life, ; 

(ii) Anaximenes (582-524 B. C.) advocated that air is the source of M. 

(lit) Empedocles (492-435 B. G) who is known as the father of e 
tionary idea believed in a biogenesis or spontaneous generation cf life and propo 
that gradually different living forms evolved, hers, 

Aristotle (384-322 B, C) tho greatest of all the Greek scientist-philosop 


the 
believed in a complete gradation in nature, His ideas aro based mainly on 
following points : 


(i) An evolutionary changes aro due to natura] causes, 
(ii) Asa teologist ho believed intelligent design in nature. ne 
(iii) He believed in gradual transition of living organisms from imperfeo 
to perfections, : 3 
(v) In his opinion acquired characters are inherited through epigenesit 
!Harvoy's doctrine) during embryonic development, 
3. Pre-modern theories— j p. 
Francis Bacon (1568-1626) following Aristotelian ideas to do with fa 


old 
addition of mutability in Species advocated that new species are formed from z 
Species through degenerative process, 


m. 


EVOLUTION 8'48 


Buffon-(1707-88) believed in the direct influence ot environment in the 
structural modification of organisms which are heritable. 


Erasmus Darwin (1731-1802) supported the idea that environmental forces 
control the evolutionary progress indirectly. 


4, Modern theories— 


Lamarck's theory —J. B. de Lamarck ( 1744-1829 ) known as “Founder 
of Complete Modern Theory of Descent” :—His theory is discussed latter in detailse- 


Theory of Catastrophism— Cuvier (1769-1832) was a contemporary of 
Lamarck who advocated that all significant changes on this earth were due to 
natural catastrophies like sudden volcanic outbursts and other calamities or 
catacylism that resulted in the gross upheaval of earth’s crust that destroyed the 
existing organisms. He believed that in this organic fossils are formed. 


Lamarckism : 


Brief biography of Lamarck—Jean Baptiste de Monet Lamarck was born at 
Bajastin in France in 1744. While a student of medical science he feit interested 
in Botany. However latter, he joined Natural History Museum in Paris, He 
attempted first to give a fairly scientific explanation of the process of evolution. His 


theory on evolution was published in Philosophic Zoologique in 1809. 


Lamarck's struggle against proverty and his contemporary criti 
him. Jn his last life, he became blind and died in dissolution. 


cs exhausted 


Jean Baptiste de Lamarck (1744-1829) considered the reality of 
evolution as established. To explain how the process occurred, he 
Proposed the two ideas: (a) Use and disuse of parts and 
(b) inheritance of acquired characteristics. He had observed that 
if a part of an organism was used extensively, such a part would 
enlarge and become more efficient. On the other hand, if a stru- 
ture was not fully employed, it would degenerate and atrophy. 
Therefore, by differential use and disuse of various body-parts. 
during its life time, an organism would change to some extent and 
would acquire individual variations. Lamarck thought that such 
acquired variations were inheritable and could be transmitted to 
offsprings. 

According to this Lamarckian scheme, evolution would come: 
about somewhat as follows. Suppose a given short-necked ancestral. 
animal like giraffe feeds on tree leaves. As it clears off the lower 
levels of the tree, it stretches its neck further up. During a life time 
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«of stretching, the neck becomes a little longer, and a slightly longer 
neck therefore, is inherited by the offsprings. These, in turn, feed 
‘on tree leaves and keep on Stretching their necks and so on for 
many generations, Each generation acquires the gains of previous 
generations and itself adds a little to neck-length. In time, a very 
‘long-necked animal is formed, for example, the Giraffe. This theory 
"was exceedingly successful and it did much to spread the idea of 
evolution, But, Lamarck’s views ultimately proved to be untenable 
although use and disuse in most 
“ases do lead to acquired varia- 
tions, is quite correct, For example, 
fit is common knowledge that much 
‘exercise builds efficient muscles. 
However, Lamarck was mistaken in 
assuming that such acquired varia- 
tions were inheritable, We may say 
‘categorically that acquired charac- 
teristics are not inheritable. They 
are effects produced by environment 
and development, not by the activity 
‘of genes. Only genetic characteris- Fig. 897. J. B. de Lamarck 
tics are inheritable, and thus any um 

change may occur only if such characteristics are controlled by the 
Benes of the gametes. What happens to body cells through us? 
and disuse, or in any other way for that matter, does not affect the 
genes of the gametes, Hence, although Lamarck observed the 


, ole 
effects of use and disuse correctly, such effects cannot play aT 
dn evolution, 


. Evidence against : 
Lamarckism was carrie 


One famous experimental refutation s 
d out by Weismann, an eminent biologist 9 
the nineteenth century. The tails of mices were cut off for ks 
many successive generations. According to Lamarck, such entong 
disuse of tails should eventually lead to tail-less mice. Yet, mice 1? 


: ; 3 ir 
the last generation of the experiment still had tails as long as the 
ancestors, - 
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Evidence in favour : Emerson and Sturtevant (1944) proposed 
tentatively that the antibodies produced against specific cellular 
| antigens might unite and modify specific genes jn chromosomes and 
thereby be carried to subsequent generations. : 
McDougall performed certain experiments on the learning of” 
tats. The results obtained were enough to suggest that learning as’ 
an acquired character, is inheritable. He, in his experiment dropped 
rats in a tank of water having two exit-holes. One was connected 
With electric bulb and was capable of giving electric shock, if 
touched. The other, however, was dark and was not connected with 
electric line. Further, the same hole was not lighted everytime and. 
the rats had to learn that they should use the dark exit hole for 
their escape. McDougall on the basis of his observations, inferred. 
that the habit of learning is a heritable trait. 
Criticism : Scientists observed that McDougall did not control 
the genetic constitution of rats. They suggested that some 
— wn-ánalysed changes in the technique may be responsible for the 
recorded increase in the speed of learning. Further, none of the: 
Scientists could get similar result after repeated experimentation 
following McDougall. 
However, experiments of Kammerer, Beebe, Guyer and Smith 
have been interpreted as demonstrations of the inheritance of 
acquired modifications. 


Further Discussions (for ADVANOED STUDENTS 5: padang 98 
Lamarckian Concept— 


(a) Facts from the mechanism of heredity : AA 

(1) Germplasm theory—According to Weismann, the inheri; 

table factors are present in the germplasm ( reproductive edia) 

being independent of any character. present in the somatoplasm., 

: Hence, any character acquired in the somatoplasm cannot be 
inherited, 


] 


Mer ors are 
(2) Studies from chromosomes— The inheritable fact 


do not 
transferred through the chromosomes and hence, they do s 


Some from the acquired forces. — ' : 4 
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(3) Studies from Mendelian inheritance —The disproof of the 
inheritance of somatic influence is demonstrated when a hetero- 
-zygous individual (hybrid) is bred again with the recessive parental 
stock, half of the offsprings show the dominant characters, half 
the recessive, This result could not happen, if the somatic 
characteristics of the hybrid (dominant) produced a systematic 
effect on the germ cells. 


(4) Studies from mutation— The inheritable factors (genes) are 
‘changed through mutation and not by the acquired characters. 


(b) Studies from evolution : 

(1) Micro-evolution —it consists of changes in the gene fre- 
‘quencies of a population from one generation to the next, guided 
by the elemental forces of mutation, selection and genetic drift. 
Such changes upset the genetic equilibrium to produce micro 
evolutionary changes. 

Hence, acquired characters must coincide with such changes 
which are lacking in Lamarckian concept. 

(2 Macro-evolution—Allometry and Aristogenesis do not 
‘Support Lamarckian concept. 


Neo-Lamarckism : 

The Neo-Lamarckians such as Spencer, Haeckel, Cope, Gadow, 
‘Smith and others modified Lamarckism to make it acceptable. lt 
was mainly based on the idea of adaptation and on an intimate, 
direct and casual relationship between structure, function and 
environment, and was called Neo-Lamarckism. The major defect 
in Lamarckism, as well as in Neo-Lamarckism was that both 
‘assumed the inheritance of acquired characters. in about 1945 
Lamarckism was revived by Lysenko is U. S. S. R. as Michurinis® 
and Mendelism was denounced. This rehabilitation of Lamatckis™ 
‘was more political than scientific. 

Lamarckism in the light of molecular basis of heredity : ee 
distinctive. adaptation of organisms are based largely upon theif 
-Proteins which owe their individuality to the distinctive sequences 
of amino-acids that they possess. Sequence of amino-acids in thé 


a 
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protein molecule is determined by the specific sequences of nucleo- 
tides in the DNA of chromosomes, while the nucleotide sequence of 
m-RNA serving as an intermediary. Accordingly, DNA synthesises 
protein, but the reverse is impossible (central dogma of Crick, 1958). 

Reverse flow of Information: Further, there is no evidence to 
indicate that external influences can alter either the primary amino- 
acid sequences of protein molecules, or the nucleotide sequence of 
DNA and RNA, thus disproving the non-inheritance of acquired 
Modifications. 


Lamarckism from the ‘stand-point of viral and bacterial 
genetics: M. Demerec by subjecting bacteria to antibiotics, dis- 
covered resistant strains that owe their viability to specific gene 
mutations. If the mutants were post-adaptive in nature (mutations), 
which is a Lamarckian concept, then these world approach very 
Closely to directed mutations that are inheritable. However, 
analysis of similar cases of bacterial resistance to antibiotics by 
Lederberg, Cayalli and Maccacaro showed that these resistant 
mutants occur quite independent of exposure to the new environ- 
Ment and that selection only choose the new successful types but do 
Not produce them, which is the principle of preadaptive mutations. 
These experiments broke the backbone of Lamarckian hypothesis. 


Discussion : Lamarck's theory which laid an emphasis on the 
ability of an individual to respond directly to the environment 
through its needs and evolving necessary structures have never 
been Convincingly demonstrated. 

Although Lamarck’s theory has been critised and rejected by 
most of the scientists, nonetheless, “it was a scientific break- 
through in that a mechanism had finally been proposed to decount 
for the changes in the living populations from one generation to 


next" (Stansfield, 1977). 


Darwin and Natural selection : 


Brief biography of Charles Darwin— 
Was born in England on 12th February, 
Physician, After his early education he took A 


Charles Robert Darwin ( 1809-’82 ) 
1809, His father R. W. Darwin was & 
dmission in & medical school. He 
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however, discontinued medicine studies and enrolled himself for a degree im 
Cambridge in 1828, In 1831 he was graduated and subsequently came in touch 
with Dr. Henslow, a botanist at Cambridge. He made arrangements for his 
assignment as a scientist in a voyage for exploration in the famous ship H. M.S. 
Beagle (Fig. 819). The ship left on 27th. December, 1831, It visited many islands 
of the atlantic ocean and sonth pacific and some coasts of South America, Darwin 
took extensive notes and collected lot of specimens of the Galapagos island and 
other places. These observations led Darwin to promulgate his theory on natural 
selection which he published in his book, entitled the “Origin of species by means 
of Natural selection or the preservation of the favoured race". Finally, the Beagle 
returned safely on 2nd. October, 1836 after five years of extensive survey. 


Fig, 8°88. Oharles Robert Darwin [ in old agé ] (1809-782 ). 


The year in which Lamarck published his theory was incidentally 
the year in which Charles Darwin was born. During his early life 
Darwin undertook a five-yearlong circum-global voyage 4 E 
biologist on the naval expeditionary ship H. M..S. Beagle (Fig. 819) 
i made innumerable observations and collected a large number © 
‘Specimens of plants and animals from many parts of the wor l 


LAMARK'S THEORY DARWIN'S THEORY 
pd 


E REB S ; 
AA SY — B RNC: AI 
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(4) Ancestral giraffes all had short (1) Ancestral giraffes had necks 

ao m eub st of varied lenght. The variations 
ing to enable the giraffesto editar y. 

reach the foliage of ress. wena y 


frequent] ini erefore, competiti 
oi^ ior obtaining leafy fae selection led to the survival of 
long-necked individuals. 


(3) The continued stretching of the (3) Only long necked giraffes 
Neck resulted in the modern long ne- survived. 


cked giraffes. 


— r -— 
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Returning home, he spent nearly twenty years in analysing and 
studying the collected data. In the course of this work, he found 
evidence for certain generalizations. Another biologist Alfred 
Wallace, had independently been led to substantially the same 
generalizations almost at the same time as Darwin. Darwin and 
Wallace together then announced a new theory of evolution which 
was to supplant that of Lamarck. Darwin subsequently elaborated 
the new theory into book form. This famous work, entitled ‘The 
origin of species by means of Natural Selection, or the preservation 
of Favoured Races in the struggle for life’, was published in 1859. 

In essence, the Darwin-wallace theory of natural selection is 
based on three observations and on two conclusions drawn from 
these observations. 


Observation (i) Keeping environmental pressure in abeyance, 
every species tends to propagate in geometrical progression. To 
elucidate, a population doubling its number in the first year is- 
endowed with sufficient reproductive potential to quadruple its 
number in the second year, and again to increase eight-fold in the 
third year and so on. 


Observation (ii) Under field conditions, although fluctuations 
Occur frequently, the size of a population (the total number of 
organisms), remains remarkably constant over long period of time. 

Conclusion (iii) : This proves that not all eggs and sperms will 
form zygotes, not all zygotes will become adults and not all adults 
will finally survive and reproduce. There must be a ‘struggle for 
existence’, and the inner urge will provoke to fight for survival, 
even at the cost of others. 

Observation (iii); Different members of a species are not all 
alike ; there exits considerable variations. 

Conclusion (2) : Thus, variations occur even among individuals 
Of the same species, Hence, individuals featuring favourable 
Variations will enjoy, in the struggle for existence, a competitive 
advantage over others, Thus, they will survive and reproduce (off- 
Springs in proportionally greater number. 


Biology (1).—10 . 
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Darwin's theory of the origin of species through the process of 
natural selection may be summarised as below ina slightly 
modified form (after Wallace's Chart) : 

Table No 8'4 


———————— 


Facts Consiquences 
il. Animals increase in number ) | Struggle for existence : 
astonishingly (Prodigality of | (a) Intra-specific 
reproduction) ; space “and i: (b) Inter-specific 
food limited. || (c) Environmental 
2. Total number remain almost. | 
constant. J 
3. Struggle for existence. Survival of the fittest through 
4. Variation with heredity. } Natural Selection 


‘5S. Survival of the fittest. Structural modification 
'6. Changing environment, j leading to Origin of Species 


From the above observations Darwin (also Wallace) identified 
the environment as the principle factor of natural selection. 
Through the process, the environment would gradually anihilate 
organisms with unfavourable variations and at the same time would 
preserve those with favourable variations. Thus, over a lon’ 
period of time and succession of generations, under the continued 
selective influence of the environment, a group of organisms would 
eventually accumulate a number of new, favourable variations, 
suitable for the environment, that a new species would in effect 
have arisen from the ancestral stock. 

Demerits of Darwin’s theory: In the absence of adequat? 
knowledge of cytology and genetics, the theory proposed byD MTS 
had many shortcomings. Darwinian Natural selection 1s apparently 
a restrictive and directive factor rather than a creative one 
factor or factors that bring about variations are obviously 
primary causes of evolution. While Darwin believed in bies 
‘inheritance, modern genetics has categorically discarded the g 
In fact, according to modern genetics, inheritance is particule, ic 
hereditary particles are borne by chromosomses. The ambis T 


Darwinism, as 
drawbacks : 
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left by Darwin in his theory are clarified. by modern geneticists. 


Darwin, had the following 


(a) Darwin could not explain the origin of variations. 
(b Darwin's idea of Natural selection is undirectional. 
(c) Origin of organs can not be explained through Natural 


selection. 
(d) Darwinian Natural 
degneration of organs. 
(e) In. fact, 


selection can not account for the 


although Natural selection selects favourable 


mutations, it does not explain origin of species. 
Table No 8'5 
Conceptual difference between Lamarckism and Darwinism : 


n ——————— 


Lamarckian Concept 


Darwinian Concept 


l. An organ develops due to it 
need. 


2. Continuous use of an organ 
lead to its strong-built structure. 


3: Continuous disused and 


unused organs gradually dwindles 


and ceases to function. 

4. Characters acquired in the 
lifetime of an individual are 
stabilized. 

5. Acquired characters are 
transmitted to the offsprings 
and hence, hereditary. 


Discussion : 


1. It never happens so. Only 
feeling of need can not lead to 
the development of an organ. 
2. Inthe germplasm occurr 
ence of variation is universa. 
3. Variations are non-directi- 
onal; may be favourable or 
harmful to the individual. 

4, Favourable variations when 
stabilized are selected by 
nature. 

5. Once selected, the favour- 
able variations are transmitted 
to the offsprings through 
reproduction and thus. new 
Characters are inherited. 


The most serious defect of Darwin’s explanation 
stemmed from his lack of knowledge about heredity. He was 
confident that hereditary differences were inherited, but how this 


8'52 A TEXT BOOK OF BIOLOGY 


happeded was not known. Following the rediscovery of Mendel’s 
hereditary principles, it has gradually become clear that modern 
genetics priovides final clue to solve the puzzle of evolatiaum 
theory. It has provided a generally satisfactory theory of evolution 
based on the interaction of heredity and natural selection. This is- 
known as synthetic theory that forms the basis to explain the 
evolutionary mechanism. 
Synthetic theory : 


Dobhzhansky (1937-74) modified Darwin's theory and proposed 
synthetic theory because it synthesizes the different branches of 
Biologylike (a) Palaentology, (b) Genetics, (c) Comparative 
anatomy etc. 


The main elements are as follows : : 

(1) Variations axe produced by mutation and recombination. 
Mutation denotes any change in gene and genotype and therefore, 
the raw materials of evolution are passed on to the next generation 
during sexual reproduction according to Mendelian recombination: 

(2) Natural selection acts as a filter. The harmful and nom 
adaptive changes are rejected, while the profitable ones are left on 
the stock. 

(3) Even small selective advantages, so as to be detec i 
any one generation are given enough time to produce 9" 
observeable changes like the formation of new species. 


SYNTHETIC THEORY AND ITS ROLE IN EVOLUTION 


Extensive researches for about 50 years by several biol 
like Dobzhansky, Huxley, Mayer, Simpson, Fisher, Het f 
Wright, etc could resolve the conflict between Darwinian 2" 
Neo-Darwinian schools. tion 

According to them the synthetic theory proposed that evon ; 
is the resultant of the conflicting forces between variat K 
environment, which change the gene frequency with yn 
adapted or which change the superior gene combination Of dist 
the gene pool. 


ted in 


l 
i 


i 
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DISCUSSION (For Advanced Students) : 


The main forces are as follows— 

GENETIC VARIATION—Changes are produced by mutation 
and enhanced by recombination. 

NATURAL SELECTION—Selects the ‘variants’ and establish 
organism-environment relationship. 

ISOLATION—Prevents gene flow between populations and thus 
establish reproductive isolation. 


GENETIC EQUILIBRIUM AND DEFECT OF MUTATION 
“AND SELECTION : 
Supposing in a population if all other facts (mutation, selection, 
drift, migration, etc.) remain constant, then the frequency of the 
population remain constant, generation after generation. 


Natural selectionstabilises the species— 

Researches were carried on in industrial melanisation, and the 
origin of adaptiveness in biologieal organisation was found. One 
of the examples of evolutionary change was the development of 
dark melanic species of moths after Industrial Revolution, in the 
industrial regions of Western Europe. Biston sp. of Manchester is 
an example to be stated. Biston is the genus whereas the two 
types of species are (i) Biston butalaria—lighter variely. (ii) Biston 
carbonaria—darker variety. Previous to industrialistation in 
Manchester, B. butalaria was prevalent and B. carbonaria was 
absent but later onie., after industrialisation the dark variety 
Predominated (Fig. 8'20). 

Two species of moths differ from each other in single Mendelian 
Bene. Industrialisation caused the removal of lighter types of moths 
80 prevalent, by the darker varieties. The lighter varities by 
deposition of melanin were transformed into darker varieties 
through mutation. In lighter environment lighter moths are preva- 
lent which is due to the fact that they camouflage themselves to 
their surroundings to escape their enemies. After industrialisation 


"the darker variety of moths were found in abundance as this 


Nariety matched with the darker surrounding. So taking advantage 
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of this situation darker variety became widespread and by passage 
of time suppresed the lighter varietiy. 

In this case the environmental condition played an important 
role in the change of gene responsible for colour production, so the 
darker form of moths were formed as the mutant variety. The 
lighter variety was gradually obliterated due to their non-adaptive 
ness to the dark surronuding. 


As a result, a trait-variation originating in one organism vil 
become a. standard feature of the population as a whole. This !& 
the unit of evolutionary change. Many such, unit-changes must 
Accumulate in a population before the organisms are sufficiently 
altered in structure or function, to be established as a new species. 


All evolutionary forces operate through the basic process which 
consists of : 


(1) Appearance of inheritable variations by sexual recombine 
tion and mutation. 

(2) Spreading of these variations through a population " 
differential reproduction in successive generations. 

„In the modern view of evolution, natural selection is fundmen 
tally a creative force, for its important effect is to spread gendo 
novelty, hence, new traits through populations. It is also a peace 
ful force, involving reproduction, not "struggle for existence" Of | 
"survival of the fittest.” Organisms actually struggle and attempt | 
to pursue life as inconspicuously as possible, cating when they 09 — 
reproducing when they can. Moreover, natural selection does not 
"eliminate the unifit The "fit" may be the mighti:st and grandest 
organism in the population, but it might happen to be sterile. AB 
the “unfit” could be sickly and weak, yet may have num eg i 
offsprings. The point that neither "survival" not "elimination" ® 


: : ive 
actually at issue. The only issue of consequence here is compar a 
reproductive success. 


; a 

The genetic basis: Hence, we may describe evolution gh i 

"Progressive change of gene frequencies. This means that in Y 
‘Course of successive generations, the proportion of others decreas 
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By experiment and calculation, itcan be shown that if mating 
is random, if mutations do not occur and if the population is large; 
gene frequencies in a population remain constant from generation 
to generation. This generalization is known as the Hardy-Weinberg 
law. It is as important to the theory of evolution as Mendel’s laws 
are to the theory of heredity. 


The Hardy-Weinberg law indicates that when a population is in 
genetic equilibrium, i.e., when gene frequencies do not change, then 
the rate of evolution is zero ; that is, genes continue to be reshuffled 
by sexual recombination, and as a result, individual variations 
continue to originate from this source. But, the overall gene 
frequencies do not change, and therefore, the variations are not 
being propagated differentially. Evolution consequently does not 
occur. 


Status of Darwin’s Natural Seletion in the light of modern 
knowledge. 


From the above discussions it is apparent that the lack of know- 
ledge in heredity in Darwin's time not only misled Darwin in the 
search of variations, but also stood as the outstanding stumbling 
block in establishing the real cause of the origin of species. 

It is experimentally proved that (1) mutation is the causative 
agent of variation, (2) In course of reproduction due to recombina- 
tion of the genes variations occur and penificial ones are selected 
by nature. r j 

(3) The particular genetic innovations of the various organisms 
persist in the genepool of the population. 

(4) Differential reproduction for genarations will make their 


genes preponderant in the genepool. 
(5) What counts in evolution is not how well or how poorly an 
organism copes with the environment, but only how many offsprings 
it manages to have. 
(6) Reprodution with recessive 8° 


selection. 5i 1H a 


nepool acts as the natural 
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Hence, what Darwin meant by natural selection do not stand 
to-day. His idea of struggle for existence is replaced by differental 
reproductive power. Hence, the meaning of natural selection has 
turned altogether different. 


MUTATION THEORY : 


Brief biography of Hugo De Vries—Hugo de Vries was born in Netherlands 
in 1848, After his university education, he was appointed lecturer in plant 
Physiology. Subsequently he was promoted to hold the departmental chair, He 
devoted himself in research, on mutation and evolution, till his retirement in 1918. 

He made extensive experimenta with plant, evening primrose ( Oenothera 
lamerckiana ) and discovered the theory of mutation, : 

Hugo de-Vries (1848-1935) was a renowned Dutch botanists 
In his attempt to explain the mechanism of evolution he made cef- 
tain breeding experiments with a plant, the wild evening primerose 
Oenothera lamarckiana, Suddenly he 
found certain striking differences in 
one of the progeny, along with the 
typical forms. These differences in 
his opinion were, due to sudden 
change, He made repeated experi- 
ments with the new forms and found 
that they breed true. He was surprised 
to find the result and named the 
mechanism as mutation and the Fig. 8'39. Hugo do-Vrles 
offsprings as mutants, He named two Mri ru 
of these variants as O. brevistylis and O. laevifolia. However, ue 
majority of. plants produced typical parental form side by sid? 
with the new types which appeared generation after generation. On 
the basis of his experimental results he published his famous book, 
"The mutation theory” in 1901. 


The typical chromosome number of Oenothera lamarckiana ® 
16 that were found to be 15, 16, 20, 29, 30, etc. in some of i | 
Varieties, The plants also differed in flower and leaf-shape, size or $ 
Stem, colour, etc. He named them elementary species, In his Mem 
mutation is the only source of the origin of new species and natuf 


E» : | 
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selection has nothing to do with the species formation, hence, muta- 
tion is the only causative factor in speciation. In fact, the followers 
of de-Vries believe that mutation is the sole agency of evolution. 


For advanced students : special discussion. 

de vries made a synopsis of his experimental observations as 
below : 

a. Some species crop up suddenly by a large single step and 
not through gradual transitional forms. 

b. Some type of many species usually make their appearance 
at the same time. 

c, Species that emerge through single large step are at first 
constant like their parents. 

d. The tendency to mutate ina species may have periodical 
recurrence. 

e. Mutations occur indefinitely and are non-directional. 

Thus, from the above it is evident that mutations lead to the 
formation of species in some cases through a single long step. 
Accordingly, species are no longer looked upon as being formed 
slowly by the selection of individual variations (at least in the case 


of elementary species). 


Significance of Mutation theory : The significance of Mutation 
theory may be summarised as follows : 

1: It ascertains the significance of mutations in the selective 
value of organisms. It does not, however intend to supplement 
‘the natural selection theory. 

2. Mutation theory tries to explain the occurrence of 
evolutionary changes in @ short period of time (unlike natural 
selection which is a slow process. 

3. Mutation theory explains the absence of connecting links. 

4. According to this theory mutations occur in large and 
divergent directions which remove the possibility of disappearance 


of the species through crossing. 


5. Apparently the theory provides an advantage to the 


breeders. 
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£i: Nature of varities—The varities produced by de vries were 
retrograde in nature, ie, they were of a tendency in backward 
direction. From the parent form O. lamarckiana, he prides 
three yarities—(a)  Q, laevifolia, —— (b) | O. brevistylis and 

(c) O. nanneila. 


All the above varities had significant structural differences 
even in some fundamental levels. h 
Besides the above, he also found certain other strongly but 
Species produced from O. lamarckiana. These are (i), O. gigas 
and (ii) O. rubrinervis or red-vein primrose. Both are true 
elementary Species, sharply differentiated from O. lamarckiana. 
Objections to mutation theory—1. Discontinuity among 
individuals can not be explained by assuming that each membe | 
has suddenly appeared thro' a sudden and large mutation 
2. Mutation, as such do not provide adequate oppertunities for 
all existing specialised oppertunities. 3. The presence of flight 
less birds in the oceanic islands can not be explained by such 
mutations. 
f 
| 
| 


: ory 
Below we tabulate the main differences between Mutation the 


and theory of Natural selection. 
Table No. 8:6 


Mutation theory Natural selection theory 


1. The mutations are suddenly 
occuring, large and disconti- 


. e 
1. Darwin gave little importane 


QUE e 
to these variations. H 


AUS believed in fluctuating conti- | 
nuous, smali variations b | 
play key role in species 
formation. 

2. Such large ‘saltations’ | 2. Small suitable veriations » | 

(mutations) hold the key selected by nature and 8e | 


Me 
to new species. stabilized through gener 


cies 
i : tions and thus new Spe 


m 
€ 1 
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Table No. 8'6. (Contd.) 


Mutation theory Natural selection 
ah pr) ADM NES ENE 
5. Mutations are sporadic and | 3. Non-benificial mutations are 
non-determined. They may not selected by nature. 
be benificial or harmful. 
4. No selection by nature. 4. Benificial variations are 


selected and reared by 
nature which gives rise to à 
new species. 


5. New species are formed 5. New species are formed very 


suddenly through a large slowly. 
step. 

6. Origin of new species and | 6. Origin of new species and 
the process of evolution the evolutionary process 1$- 
occurs abruptly. slow and gradual. 


Present status of mutation theory : de-Vries was not only the 
promulgator of the mutation theory but was also one of the re dis- 
coverers of the Mendelian 
principles, His erudition in 
the field of heredity was well- 
known by that time. Hence, 
the theory when published was 
welcomed by the scientists. 
In fact, mutations are of 
common occurrence and occa- 
ssionally heritable. In the: 
light of modern genetical 
research it has been shown that 
sudden conspicuous changes 
(mutation in the opinion of 
deVries ) do not really corres 
pond to the actual mutations i 
as considerd by modern gene- Fig. 8'40, Hugo de-Vries in his ' 
ticists. Mutation is mainly the last days ` 4 


change in the gene and are faithfully duplicated with exactness im 
course of reproduction. But, genes 


may mutate through some fault: 
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in gene reproduction. Selection incorporates favourable mutations 
intothe hereditary constitution and are meaningless unless they are 

-selected by natural selection. Hence, mutation is the raw material 
and natural selection, the operative force, and the two together 
ascertains the evolutionary directiveness, resulting in the formation 
-of new species. The mutations in Oenoihera lamarckiana may be 
rather a stable hybrid combination and the causative agency 
through which new Species might have been resulted due to the 
chromosomal re-arrangement. 


SUMMARY 


1. Organio evolution means changing of one form of life into another nearly 
‘similar to the previous one through reproduction, accompanied by variation and 
‘heredity, It is distinct from other types of evolutions like cosmic—, solar—, eto. 

‘and is restricted to the biological realm. Organic evolution does not mean that 
man is a made-over monkey, The modern idea of the origin of life states that life 
was first created through a biotic synthesis to organic matter, The theory of org:nic 
evolution is supported by evidences collected from different branches cf science. 
The structural correspondence} amongst the vertebrates and invertebrates are 
bewildering, Homology means similarity in fundamental structures and may be 
modified in adaptations to different functions, It is a question of parentage, a stamp 
of heredity. Analogy signifies merely functional similarity ; it accompanies 
similarity of environment. Man is bone for bone, muscle for muscle, nerve for 
nerve, in striking agreement with higher apes and hence provide evidence for its 
evolution through apes. Archaeopteryx and Monotremeta are intermediate living 
animals that provide link between large groups of animals. The preservation of the 

remains of plants and animals through millions of years in the layers of the earth 
are known as fossils, Tho chronological fossil remains of the horse, is a fine 
palaeontological evidence of evolution. Tho rudimentary functionless organs found 
in animals and Plants which appear during embryogeny, only to disappear again, 
excepting a few like appendix of man, before development is completed. Vestigial 
Organs represent the relics of organs which obviously were useful to their ancestors 
and find such fleeting existences in the present day forms, 

Lamarck advanced the first convincing theory to explain evolution, known 28 
"Lamarckism, The theory of Oharles Darwin is known as Darwinism which explains 
origin cf species by means of natural selection in the struggle for existence. 
Altred wallace accompanied Darwin in Proposing the theory. The term survival 
of the fittest was first used by Herbert spencer and latter adopted by Darwin. 
Altor Darwin, in modern time Darwinism has taken a new shape and is capable 
‘of providing satisfactory explanation of evolution on genotic basis. Hugo de-Vries 
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advanced mutation theory to explain the mechanism of evolution on his: 
observations of breeding experiments with a plant, the wild evening -primroses 
He was of opinion that sudden changes occur in the offspring through mutation,. 
which is the only source of new species, Latter, it was found that those mutations. 


were stable hybrid combination. 
THINGS TO REMEMBER 


1. Evolution means unfolding of life forms (e-volvere) from simpler to complex: 
types. 

9. The wings of the birds, bats and pterodactyls are examples of both homology 
and convergence. 

8. The wings of bird and bat are both homologous and analogous organs, while 
that of bird and batterfly are only analogous organs. 

4, The inside of an organism tells its real history of ancestry, while the outside 
tells us where its ancestors have been. 

5. In course of evolution plants and animals have migrated to various directions 
from their center of origin and have been variously modified to cope with the. 
environment. 

6. Striking similarities exists between the early embryos of the vertebrates, 


known as parallelism. 
7. ‘Vestigeal organs are useless relics to its possessor but were important and’ 


useful to its ancestor. : 
8. Of the theories advanced to explain evolution Darwin's theory of natural: 
selection is most tenable, It was at first proposed jointly by Darwin and Wallace, 
9. Darwin's Voyage-ship -named Beagle by which he visited diffirent coastal 
areas and oceanic islands from where he collected materials to prove what evolution 
is about, 
10. Darwinian natural selection is apparently a restrictive and directive factor 


rather than a creative one. 
11, The modern synthetic theory resolves the conflict between Darwinian and 


Neo-Darwinian schools which states that evolution is the resultant of the conflicting 
forces between variations of environment that changes the gene frequency. 


@ Graded Exercise 9 


A. Long answer type questions : 

1. What is organic evolution ? Discuss with evidences derived: 
from three important areas, which establish the truth of organic 
evolution. : 

9. Discuss the evidence for organic evolution through the study 
of comparative morphology. Give examples. 

3. Discuss how geographical distribution of organisms can be. 
utilized to prove organic evolution. 


4. Discuss embryological evidence in support of organic. 


evolution, What is the present status of ““Biogenetic law” ? 
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5. Outline the various postulations of Lamarckism and discuss 
‘their merits and demerits, How can you prove that inheritance of 
acquired characters does not always take place. 

6. Give an account of Natural Selection or theory of Darwinism. 

7. How do mutation explain organic evolution ? What modi- 
fications in “the mutation theory” of de Vries were considered to be 
necessary in view of the present state of our knowledge. 

8. What do you understand by the synthetic theory of 
evolution? Is it different from  Neo-Darwinism ? Justify your 
answer. 


9. Whatdid Darwin mean by natural selection ? Could he 
explain that natrual selection is creative ? 
10. What is Darwin's argument for the origin of species through 
natural selection ? j 
1l. Wherein does natural selection fall short as fhe creative 
ffastor in evolution ? 
' 12. Who is the promoter of mutation theory? Relate his 
‘experiments which led him to propose the theory through his 
observations. 
18. What are the criticisms of ‘mutation theory’ ? What advan- 
tages the theory has over Darwinism. 
' 14. Compare the explanations offered by Lamarck and Darwin 
with reference tothe mechanism for the elongation of neck of the 
«Giraffe, í 


B. Short answer type questions : 


15, Briefly describe the evolution of modern horse. 

16. Discuss "the Germplasm theory” in brief. 

17. Define homology and analogy. Give examples from plants 
and animals. 

18. Is the existing population always the fittest in a given 
region ? 

19. What term. was used by Herbert Spencer to mean the 
‘fame ag Darwin's natural selection 7 

20. What are muntants? Does their existence evalidate 
natural selection ? 

21. Bummarise the arguments for natural selection by comple- 
iting the following table. 


E Conclusions 
I. a, Enormous fertility of organisme. e. 
dd b. "Total number more or less constant. 

Os 

d, Variations and heredity, e. 
TIL e. 

acd f. Changing environment and 
| | establishment of barriers. & 


| W 


29. 


40. 
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How wallace was connected with Darwinism ? 
What is the distinction between the fact’ ‘of evolution and 
factors of evolution ? 


What is living fossil? Give two examples each from plants 
and animals. 

What is the importance of calculating the age of the rock 
with reference to fossils particularly ? 


Very short answer type questions : 


What are fossils ? 

What are vestigial organs ? 

Name some of the vestigeal organs. of man. 

What is missing link ? 

Give one example of fossil plant and one fossil animal. 
What is biogenetic law ? 

What is the importance of Latimaria (Coelacanth)? Is it 
a fossil ? 


Distinguish between : 


Homologous and analogous organs. 

Living fossils and fossils. 

Artificial system of nomenclature and natural system of 
nomenclature. 

Preformation theory and parallelism. 


@ Public Examination Questions from the chapter € 


A. 
1. 


2. 
3. 


Long answer type : 


What is organie evolution ? Discuss embryologieal evidences 
in support of organic evolution; (H. S. *80) 
Bnumerate the various evidences of organic evolution. 
Discuss that species change in course of evolution that has 
been exhibited by peppered moth Biston betularia. 3 

(J. E. E. '81) 
What are homologous and analagous organs? Explain with 
tho aid of suitable example from plants and animals, how the 
study of homologous and analogous organs testify ‘descent 


with modifications’. (J. E, E. '80 ) 
Discuss how vestigial organs can be regarded as evidence of 
organic evolution. ( Tri. H. S. ’81 ) 


Name the facts of organic evolution and discuss the evidence 
of evolution from the study of comparative Tae d and’ 


serology. J. E. E. '79) 
Stato the morphological evidences in support of organic 
evolution: (J. E. E. 778 ) 
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16. 


17. 


18, 


F. 
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Describe the nature of struggle for existence as proposed by 
Darwin. Who are considered fit in this type of struggle ? 
( Tri. H S. 80) 
What is mutation theory ? Write an account of chromosonal 
mutation and state the importance of mutation in evolution. 
(J. E. E.'81) 
What do you understand by organic evolution? How 
Lamarckism explain organic evolution ? Why the theory of 
Lamarckism is discarded ? ( Tri. H. S. '81) 


Explain elongation of Giraffe's neck and forelimbs be the 
light of (a) Lamarckism (b) Darwinism. ( H. S. '81, ’86 ) 
What do you mean by organie evolution ? How does 


Lamarck’s theory justify evolution. ( J. E. E. '82) 
Explain Darwin’s view in relation to organie evolution. 
( Tri. '88 ) 


Give the palaentological evidences of organic evolution. 
( W. B. H. S. '88, ; '87, (old syll.) J. E. E. 78) 


What is mutation ? Who is the propounder of this theory ? 
In which way the theory has helped in explaining origin of 


new species, ( W. B. H. S. '84) 
What are homologous organs ? How do these give evidence 
for organic evolution ? ( J. E. E. '84 ) 


Answer any three of the following questions. 

(a) What do you mean by struggle for existence ? 

(b What are homologous organs ? 

(c) What is ‘theory of catastrophism’ ? 

(d) What do you mean by ‘Inheritance of Em E 

H. S. 

Explain the role of any two of the following. that have been 
played in the history of evolution. 


(a) Vestigial organs; (b) Analogous organs (c) Fossils 
( H. 8.’85 ) 


W. B. Council's H. S. Specimen question : 


Discuss palaentological evidences in support of organio 
evolution. 


Syllabus: Taxonomy: Brief idea about principle and basis of} 
classification, Binominal nomenclature. 


9.1. Introduction ; 

The living world comprises of thousands of plants and animals of diverse 
nature. However, majority of them are microscopic. Of all the living organisms, 
only 1:5 millions have been identiüed and named correctly after proper investiga- 
tions. It is worth mentioning in this connection that large number of once- 
living organlsms have become extinct as a result of evolution. | The existence of 
such organisms can only be proved and traced out from their fossil records. It is 
difficult to collect all scientific informations about the different kinds of living 
organisms individually. A systematic arrangement of living organisms according 
to some well-established rules is, therefore, absolutely necessary to attain a com- 
prehensive knowledge about them, Unless the vast assemblage of plants and 
animals are separated into different groups, no methodical study is possible. 
Throagh the untiring efforts of the scientists during the past three hundred years, 
it has been fouad possible to put them into groups that resemble one another 
which consequently separate them from other groups, This arrangement is 
known as classification. Classification is necessary, both for the purpose of 
identifications and studies in evolution. The branch of biological science dealing 
with identification, nomenclature and classification is called taxonomy. 


9.2. Taxonomy: 

The word taxonomy ( Gr. «axis, arrangement ; nomos, laws ) is a 
branch of biological science which on one hand is the base for 
working on any brauch of biology and on the other somewhat 
boring to the baginners. Because it is stuffed with'Latia and Greek 
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names of various living organisms in the form of chronological 
lists. 


de Candolle, a French scientist in 1813 used the term taxonomy. 


Definition of Taxonomy : Taxonomy is defined as a science that 
"includes identification, nomenclature and classification of objects ; 
and is usually restricted to objects of biological origin.” 


This study has among its objectives the learning of the types 
of plants and animals and their names, of their distinction and 
affinity, distribution and habitat characteristics. It also correlates 
these facets of knowledge with relevant scientific data which are 
contributed by allied branches of science. 

According to H.L. Mason (1950) taxonomy is a synthesis of all 
facts about organisms into a concept and expression suggesting 
the.inter-relationship amongst themselves. 

According to G.S. Simpson (1961) taxonomy is the theoretical 
study of classification, including its bases, principles, procedures 
andru'es. Hence, taxonomy deals with classification and classi- 
fication is concerned with organisms, 


9.3. Usefulness of taxonomy : 


The following points will reveal the usefulness of taxonomy — 
1, It works out a vivid picture of the existing organic 
diversity. 
2. It provides reasonable and substantial information that 
helps in constructing the phylogeny of life. 
3. It isthe only branch of biology that supplies relevant 
information needed for all other branches of biology. 
4. Particularly it is indispensable in cases of the economically 
and medically important organisms. 
5. It forms base for the study of principles and fractions of 
‘classification and almost reflects the result of biological 
classification. 
6. Itcontributes significantly to the broadening of biology 
and maintains balance within biological science as a whole. 


` 
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9'4. Systematics : 

The word systematics is derived from the Latinized Greek word 
systema and is referred to as the system of classification-developed 
notably amongst others by Linnaeus. However, classification is 
not exclusively dependent on systematic studies, but this practice 
is in vogue. 

Definition of Systematics: Systematics is the scientific study of 
the kinds and diversity of organisms and of ail relationships among 
them (Simpson). 

In other words, systematics is the science that deals with the 
diversity of organisms. It may be noted that the term relation- 
ship as mentioned in the above definition is broadly conceived . to 
embrace all typss of biological relationships and not limited to 
narrow phylogenetic sense. Thisis why a broad and common 
interest has developed amongst systematics, ecology, evolution 
and behavioral biology. 


9:5, Classification : 

Living organisms are classified mainly on the basis of simila- 
rities and dissimilarities among them. Classification practically 
ensures the correct definition of aa organism and establishes it as 
an individual unit in the living world. The principles underlying 
any modern system of classification are based upon the genetical 
relationship existing among diverse groups of organisms and thus 
osely related groups, as a rule, are brought together. 

Definition of classification : “Classification is the ordering of 
animals and plants to groups or sets On the basis of their relation- 
ships, that is of associations by contiguity, similarity or both" 
(Simpson). 

From the above it is apparent that classification is a subject 
in the domain of Systematics, although one does not necessarily 
signify the other. In fact, in course of studying the relationship 
among animals, systematics requires a workable system through 


cl 
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which the organisms may be grouped into categories and this has 
resulted in a system known as classification. 


96. Nomenclature : 


Nomenclature deals with the determination of the correct 
scientific name to a known plant or animal. 

In fact, biological objects have always been useful to man 
through ages. Hence, it may be assumed that even the pre-historic 
man had some means to differentiate the common and useful 
plants and animals. For this purpose he must have used some 
types of names. Hence, the practice of nomenclature probably owes 
its origin to time immemorial. Even today we find that peoples of 
different regions use different local names according to their 
convenience. 

Defiaition of nomenclature : “It is the application of distinctive 
names to each of the groups recognised in any given classification.” 


Hence, it may be concluded that nomenclature is a derivative 
of classification. 


97. Systematics, classification and nomenclature: int. 
relations 2 


Systematics is a broader item and embraces classification and 
nomenclature, which are narrower than taxonomy and in a SH? 
what different way are included in it. 


Schematic representation ofthe interrelations of systematics, 
classification and nomenclature are shown below. 


; \<Taxonomy 
Systematics + 


«-Classification Nomei.clature 
98. Taxonomic terminology : 
i A " iyen 

Certain terms are frequently used in taxonomy, some of which are E 
below for convenience of understanding. 

a. Category: In a hierarchic classification, it designates rank or level. E 

b. Cline: Itis a character gradient, in a series of contiguous populaiio , 
it is a gradual and nearly continuous change of a character. 


a 
c. Deme: It is a community of poteniially interbreeding individuals at 
given locality ; local populaticn of a species. 
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d. Monophyly : Taz derivation of a taxoa through one or more lineages from 


immedistely ancestral taxon of the same or lower rank. 
e. Phenon: It signifies phenotypically similar specimens ; a resonably uni- 
form phenotypical sample. 
f. Sibling spzcies : These are reproductively isolated but morphologically 


identical or closely similar groups of or pairs of related species. 
g- Sub species: These are phenotypically similar populations of a species 
which occupy tae same geographic area of the range ofa species but differs 


taxoaomically from other populations of the species. 
h Taxon(pl taxa): It isa sufficiently distinct taxonomic group which is 


distingaished by names and is worthy of being put or ranked in a category. 
i Variety: A term frequently used in classical taxonomy fora heterogenous 
group of phenomena like non-genetic variations of phenotype, domestic breeds, 


morphs, etc, 
j. Key: Ian dichotomous couplets it is a tabulation of djagonostic characters 


of species or genera, etc. fecilitating rapid identification. 
k. Key character: This is a character of special utility used in taxonomy. 


9:9, Historical background of taxonomic thoughts : 
Arbitrarily the history of taxonomy may be divided into the 
following six periods : 
1, First Period —Concluded in the study of local fauna and 
flora. 
2. Second period —A progressive period led by Linnaeus and 
his contemporaries, 

Third period —A period of empirical approach. 

Fourth period—Period in which Darwin who interpreted 
that natural groups exist because the differ- 
ent members of such a group had descended 
from a common ancestor. By this the 
problem of Natural System was solved. 

5. Fifth period—The rise and growth of population syste- 


aw 


matics, 
6. Sixth period—The period of current thoughts. 


4°10. Classification : 
As stated earlier, systematics requires a formal system in 


which the organisms to be studied are grouped into classes in 


studying the relationships amongst them. 
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Uses of classification: Its practical utilities are as follows: 


(a) Storage of data—This is being done by using a coding 
System of scientific names. These names refer to the groupings 
and serve as a. Key to the information stored about the m. 

(b) Recovery of data—Classification enables to recover and 
utilise the stored knowledge about a group. It not only helps by 
supplying information about other species or group by using the 
code name, but also provides a means of referring to groups of 
kinds. This gives an exclusive idea of the place of an organism 
in the living world, 


Purposes of classification : The main purposes of classification 
are given below. 

1. It provides a simple practical means of discussions 

relating to specific organisms. 
\ 2, Biological classification helps in the discovery of new 
knowledge. 

3. It results in recording data about kinds. 

4. Classification provides new data through co-relation, obser 

vation and analysis. 

5. It is a tool for identifying animals and plants. 

It provides explanations of the diversity of organisms. 

7. It gives conclusions of phylogeny. 

Basis of classification : It is clear that classification is possible 
because evolution has produced various kinds of organisms. 
Hence, it may be concluded that classification is based on evolu- 
tion ie., on the result of evolution. The method of classifying 
animals and plants is based on the fact that the kinds may be 
arranged in groups ina hierarchy on the basis of the features 
with which evolution endowed them. In fact, these features 
are the real basis for classification, The successive changes 
through the features of a kind is altered when it is called 
a different kind. When the successive changes have acted for 
long enough, a sequence of kinds results. This is know? as 
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lineage. If welook through the recent end ofthe lineage to its 
back, we can have a glimpse to the history of the present kind,— 
this is known as phylogeny. However, the basis for classification 
should be consistent with everything that is known about the 
kincs. 

Whatever might be the relation of evolution and classification, 
it should be kept in mind that organisms cannot be classified 
either on the basis of phylogeny or on the basis of classification 
alone. Classification is only possible on the basis of features that 


were produced by evolution and sometimes appeared in the 
phylogeny ; or on the basis of features which although were 


apparently made possible through evolution, but actually they are 
produced by environmental influences. 
Hence, itis justified to accept that the primary purpose of 


Zoological classification is ‘Simply to provide a convenient, 
practical means by which zoologists may know what they are 


talking about and others may find out" (Simpson, 1945). At the same 
time phylogeny should be clearly determined, so that classification 
may be based on it. 

9:11. Brief history of classification : 

Greek Philosopher Aristotle (384—322 B.C.) formulated 
artificial classification of animal kingdom. The table of this type 
of classification is given below : 

Animal Kingdom 
Division— l 


Y 


Y 
Anaima 
(The blood of the animals 
belonging to this division 
is not red in colour) 
eg., Coelenterata 
( Hydra, etc.), 
Arthropoda ( Prawn, etc ), 
Snail like animals. 
Class 


4 
(a) Oviparous 
Vertebrate animals—Fish, toad, 
bird, etc. are included in this 
class which carry on their 
generations by laying eggs. 


Enaima ) 
(The blood of the animal 
belonging to this division eg., 
vertebrates, is red in colour.) | 


4 
(b) Viviparous 
Vertebrate animais— 


Mammals like Guineapig, 
Dog, etc,, they give’ birth 
to young ones. 
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Depending on the characters of plants, Theophrastus (370-285 
B.C.) divided the plant kingdom into four consecutive divisions— 
i) Herbs ii) Under shrubs, iii) Shrubs, and iv) Trees. 

John Ray (1628-1705) an English naturalist divided Plant 
kingdom into two main divisions, ‘Herbae’ and ‘Arborea’ depen 
ding on the plant-shape and anatomical characters. 


(i) Herbae—includes the following types of herbs. 
i a—Imperfectae — includes the Cryptogams. 
: b—Perfectae—includes the Phanerogams. 
(i) Dicotyledons (Seeds with two cotyledons). 
(ii) Monocotyledons (Seeds with single cotyledon). 
(2) Arborea—includes trees and shrubs, 
(i) Dicotyledons. 
(ii) Monocotyledons, 

The famous Swedish naturalist Carolus Linnaeus (1707-1778) 
classified plants and animals which though being artificial 1 
nature, is the father of modern 
classification. He first found out 
the method of binomial nomencla- 
ture. Linnaeus plant classification 
is based on sexual reproductive 
organs like, number of stamens and 
carpels, etc. So, this classification 
is also called sexual classification. 
He divided the plant kingdom int? 
24 classes of which the first clase 
is Monandria and the last class !$ 


Cryptogamia. 
Fig. 8.1. Carolus Linnaeus Linnaeus divided plant kingdom 
(1707-1778). into six classes like : 
1l. Mammalia 4. Pisces 
2. Aves 5. Insecta 
3. Amphibia 6. Vermis. 


nN 
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After Linnaeus, other naturalists formulated other forms of 
classifications. Of them, the outstanding ones are de Candole 
(1778-1841), George Bentham (1800-1884) and Joseph Dalton Hooker 
(J.D. Hooker, 1817-1917), Adolph Engler (1844—1930) and Karl 
A. E. Prantl (1849— 1893); John Hutchinson (1884—1978) and 
the like scientists. 

The scientists who are renowned for framing classifications of 
Animal kingdom are Lamarck (1744—1829), Cuvier (1769 —1832), 
Haeckel (1831—1911) and others. 

Artificial and natural systems of clas ifi- 
cations: Artificial system —The artificial 
system simply arranges plants and animals 
in groups according to their superficial 
resemblances without paying any regard to 
evolutionary relationships amongst them- 
selves, Thus, in such a system, closely 


related organisms are often placed in 
different groups, while quite different orga- Fig. 8:2. 


: Lamarck 
nisms are frequently placed in the same (1744—1829). 


group, because of the presence or absence of a particular feature. 
For instance, in the flowers of ginger and turmeric, there is only 
one stamen, and at the same time the flower of mango also bears a 
single stamen. In artificial classification mango, ginger and 
turmeric plants are grouped together, although they differ widely. 
Nevertheless, an artificial system has its own merits. By following 
it, one can, without much difficulties, get the name of an unknown 
organism. 

Definition ‘of artificial system of classification s classification 
based upon characters of practical convenience without relation to 
phylogenetic relationship, or based on a single arbitrari'y chosen 
criterion, is known as artificial classification. 

The best known example of such a system is that of Linnaeus 
who classified plants mainly on the basis of characters of stamens 
and carpels. For example, all plants with one stamen are placed 


a 
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under class Monandria those with two, under class Diandria, etc, 
Such a system is thus commonly called the sexual system, 

Natural system—The natural system considering all the important 
features of organisms are classified according to their similar 
Characters, Such a system readily indicate the Natural affinities 
between organisms as contended by Linnaeus and his followers ; 
hence is known as Natural system. 

Definition of Natural System ; Natural classification may be 
defined as classification based on characters or groups of characters 
which indicate natural relationships." 


Thus, evolutionary relationships among the organisms may be 
established in such a System. In natural system, the plant king- 
dom has been divided into two divisions, viz Cryptogams (flower 
less plants) and Phanerogams (flowering plants). Phanerogams 
have been further divided into two sub-divisions—Gymnosperms 
(naked-seeded plants) and Angiosperms (closed-seeded plants). 
Angiosperms have again been divided into two classes—Dicoty- 
ledons (plants having embryo with two cotyledons) and Monoco- 
tyledons (plants having embryo with one cotyledon), Further 
steps of classification into orders, families, etc. is as usual. 


Plant Kingdom 


| 
Cryptogam Phanercgam 
(flowerless plants) (flowering plants) 
MES 
a E TOTS DENIS 
l | * 
Gymnosperm H Angiosper 
(naked-seeded plants) (closed-seeded. plants] 
Dicotyledon Monocotyledon 
(embryo with two cotyledons) (embryo with one cotyledon) 


It may be mentioned that since the organisms of a natural 
Systematic category are descendants of a common ancestor, 


obviously they agree with one another in many important 
characteristics, 
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Biological classification s Biologists classify populations and 
not individuals. In the system the lower taxa are not individual 
assemblage, but reproductive communities which are separated 
from other similar communities (united by isolating mechanisms). 
It is an agreed fact that even the higher taxa are the results of 
evolutionary divergence. If the entire genotype of each organism 
is known,then a grouping of species or their classification will 
accurately reflect their natural affinity. 

Definition of Biological Classification: The arrangement of 
organisms into taxa on the basis ofinferences concerning their genetic 
relationship is known as biological classification. 

Stages or levels of classification : A particular taxonomic group 
undergoes various stages of maturation to reach the end, which 
may be summarised as follows : 

1. Alpha(« taxonomy—This level mainly puts emphasis on 
the description of new species and their inclusion in a suitable 
genera. 

2. Beta (8) taxonomy—This level rigorously analyses the 
characteristics and the relationship between the species and higher 
categories which forms the base of a sound classification. 

3. Gamma (vy) taxonomy—tIhis level is concerned with 
analysing the variations amongst the species in the light of evolu- 
tion and thereby proposes a casual interpretation of organic 
diversity. 

9:12. Systematic hierarchy : 

The innumerable number of living organisms obviously can 
not be identified individually, hence they require a hierarchical 
arrangement, which may be summarised as follows 3 

1. Categories and Taxa of different grades. 

2. Arranging the categories and taxa in an ascending order, In 
the process a higher category includes one or more lower categories; 


higher taxa include lower taxa. 
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Since the time of Linnaeus, the first taxonomist who 
established a definite hierarchy, the number of known animals 


r Knack 
a Sub- Kingdom 
lp ‘Phylum/Division 

. Sub Phylum/Sub Division- 


to 7 Sub-class 
Am ez Order 
i ep Sub-order 
(A H, Family 


Sub-family 
? Genus 
YY yy Species 
: Worn 
Fig. 8°3. Hierarchy classification (Ascending and descending Texa) 
(Species) have increased enormously. This necessiated a more 
precise indication of the taxonomic position of the species which 
is the unit of Linnean heirarchy, Thus, the original basic categories 
have been splitted and additional ones bave bzen accomodated 
amongthem. In the process, the majority have been established 
by combining the prefixes super-or sub-with the original category 
names ; for example, order and super order, family and sub family, 
may bs mentioned. Further, a new category has been imposed 
between genus and family known as tribe. It is also worth- 
mentioning that vertebrate palaentologists frequently use a category 
between order and class, known as Cohort, while below sub class 
and sub-orders infra-class and infra-order respectively, are used 
(fig. 8:3) 

Merits of Linnean hierarchy : The subjectivity of the Linnean 
hierarchy gives it a considerable flexibility and permits theproposal 
of alternate models of relationship and surely is not static. 
The different levels in the system are arbitrary and conventional. 
Any additional level thrust between any two categories is made 
according to the practical necessity as deemed fit by the taxonomist. 

9.13. Key: Keys are also used as useful procedures for taxo- 


nomic analysis, It is usually useful and hence mostly utilised " 
identifying organisms, 
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Definition of Key: Key is a systematic tabulation of disgnostic 
characters of organism with a sequence of class at each levc! ia 
dichotomous couplets facilitating rapid identifications for 
classification, 
~. The object and aim of key is to segregate the main characters 
in a careful way so as to provide a number of alternative choices 
that can lead to an authentic identification of the organ:sm 
concerned. In fact, the ‘key’ serves asa real key foc the identifi- 
cation of different taxa upto species. A good key, however, is 
strictly dichotomous, not offering more than two alternatives at 
any level. Alternatives provided in the key should be exclusive 
and the statements should be precise so as to permit identification 
of a single specimen without reference to the sex of the organism. 

913. Hierarchy and Key Contrasted : 

From the point of principle the frameworks of the two methods 
are typically different and distinct from each other. Still, outwar- 
diy they may resemble each other in written firm and may be 
confusing to the beginners. It should be clearly kept in mind 
that in a hierarchy each class is retained asa single class in the 
next higher level, while in key each class belongs to two or even 
more classes at. the next higher level. Furiher, a key is. 
absolutely a method that serves practical purposes conveniently 
and is just an arbiirary conventional sequence and hence artificia!, 
On the oiher hand, hierarchy involves principle of priority which 
indicates the natural relationships among organisms. 


HIERARCHY 
Mammals 


pay . 


Hocfed mammal Horned mammals 


KEY 


i mals—— Horned 
MESH D l animals 


T 
T dc Ecrned 
Hopf i mammals 


m..mmzls 
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Table no 8:1. 
Compare between Hierarchy and key 


Hierarchy 


Key 


1. Itisa process by which 
the diagnostic characters 
are separated and segregated 
in a way that offers a series 
of alternative choices. 

2. Each class belongs to two 
or more classes at the next 


1. It is a process of delimita- 
tion of different groups of 
organisms and to arrange 
them in an orderly 
sequence. 

2. Inthis method each class 
belongs to a single class at 
the next higher level. 

3. Hierarchy involves prin- 


higher level. 
3. Key involves no principle 


ciple of priority. of priority. 
.4. The principles of priority | 4. It has a purely arbitrary 
are derived from real or sequence. 


natural relationships 

amongst themselves. 

5. Hierarchy classification is 
natural. p 


5. Universally considered as 
artificial. 


Higher categories : The category indicates the systematic 
position of a given taxon in hierarchy. 

Definition of Higher Category : “A higher category is a class into 
which are placed all the taxa that rank at the same level in hierarchic 
classifieation. 

914. Hierarchial classifieation : 


Although efforts to classify organisms started) practically since 
the time of Aristotle (384-322 B C), John Ray (1628-1705), an 
English philosopher-cum-naturalist presumably gave it a scientific 
pattern. However, it was Carolus Linnaeus (Karl Linne ; 1707-1778) 
who arranged the animals and plants in hierarchical serial levels 
ofgroups. Hence, he is regarded as the father of taxonomy. 

According to this system the lowest unit is the species, similar 
species are grouped into genus, similar genera make up family, 
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similar families form orders and similar orders make up classes. 
Finally, similar classes are accommodated into the largest group, 
known as phylum (pl. phyla) and different phyla form kingdoms, 
There may, however be, intermediate units in between any two levels, 
like sub-class, etc, 


Fig. 84. Arrangement of groups in hierarchical classification, 


Species—A species is a group of organisms capable of inter- 
breeding to reproduce a fertile progeny. All individuals belonging 
to this taxon» (pl. taxa) are supposed to be derived from a common 
ancestor, For example, all mango trees belong to the same 
Species, Similarly, all cats constitute a single species, 

Genus—A genus is a collection of allied species which bear a 
Close resemblance to one another mainly in the reproductive 
features. For example, banyan, peepul and fig belonging to three 
allied species resemble one another in their reproductive. features, 
Therefore, banyan, peepul and fig come under the same genus i.e., 
Ficus. Similarly, tiger, leopard and snow-leopard belong to the 
Same genus, Panthera. Reise : 

Family—A family is a group of allied genera (sing. genus) which 
show resemblance in the basic reproductive features. For example, 


« Taxon is an unit of classification of any rank. 
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mustard (Brassica) and. radish (Raphanus) of two different genera 
belong to the same family, Cruciferae. Similarly, frog (Rana). and 
toad (Bufo) of two allied genera belong to a single family, 
Bufonidae. 
The plants and animals are arranged according to the above 
scheme, this arrangement denotes their systematic positicns. 
Systematic position of pea : 
Kingdom-— Plant 
Division—Embryophyta siphonogama 
Sub-division—Angiospermae 
Class—Dicotyledonae 
Suli-class-Arcbplamadae. 
Order—Rosales 
Family—Leguminosae 
Sub-family—Papilionaceae 
Genus— Pisum 
Species—satiyum 
Systematic position of human being : 
Kingdom—Animalia 
Phylum—Cnordata 
Sub-phylum—Gnathostomata 
Class—Mammalia 
Sub-calss—Eutheria 


Order—Primaie 
samily—Hominidae 


Genus—Homo 

| Species—Sapiens 

| Systematic position ef Guineapig 3 

| Kingdom— Animalia 

Phy lum—Chordata 
Sub-phylum—Gnathostomata 

| Class— Mammalia 

| Sub-class—Eutheria 
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Order—Rodentia 

Sub-order—Hystricomorpha 

Family—Cavidae 

Genus—Cavia 

Species—porcellus 

Systematic position of Marsilea 

Kingdom— Plant 

Sub-kingdom—Embryophyta 

Division—Pterophyta 

Class—Leptosporangiopsida 

Order — Marsileales 

Family—Marsileaceae 

Genus— Marsilea (B. Susni) 

Species—quadrifolia 

The generally accepted-hierarchicl categories which are used in 
large number of animal groups are as follows ; 

Kingdom 

Phylum 

Sub-phylum 

Superclass 

Class 

Sub-class 

Cohort 

Super-order 

Order 

Sub-order 

Super-family (affixing—oidea)« 

Family (, —idae) 

Sub-family (,,  —inae) 

Tribe (45 —ini) 

* Standardised endings for the names. 

Bio. (9R)—2 
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Genus 
Sub-genus 
Species 
Sub-species 


9:15. Nomenclature 2 


The term ‘nomenclature’ is derived from two Latin words, 
nomen, meaning—name and calere, meaning—to call; hence, 
collectively it means to cal/ by name. It provides a vocabulary for 
writing and discussing about animals and plants, hence 
absolutely necessary. 


Definition of nomenclature : The term nomenclature means the 
determination of correct scientific name of an identified plant OT 


animal according to an established system. 
Historical background ¢ Pre-Linnean period 2 


From time immemorial man has named the different animals 
and plantsin his surroundings out of his own interest. The namesgiven 
by local people to the same animal and plant in their own language 
was entirely confusing. Even to-day the local people of different 
regions of the same country use different names for the same 
organism, For example, the common peafowl (peacock) is named 
as Mayur in West Bengal (also in Bangladesh), while in northern 
India it is named as Mor and Mayur in different places ; in other 
provinces again, it is named differently. Similarly, the major-food, 
producing crop of India—the paddy is knownas Dhanin West Bengal 
as chaul or chaval in different parts of North and Central India, 
in Tamilnadu as Nellu, while in some other parts of India it is 
named otherwise. If this is the situation in a particular country» 
we can well assume the innumerable names given to the common 
peafowl and paddy respectively throughout the world. 
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In pre-Linnean period an apparently new organism was named 
and described by the author in his own vernacular ( of his 
language) or in polynomials. Gradually, Latin or Greek words 
were used, so that an uniformity may exist throughout the world. 
But, this had various demerits. 

916. Binomial Nomenclature $ 

To clear the confusion in naming the organisms, Linnaeus 
proposed a definite system of naming the organisms in 
1758, knowa as Binomial nomenclature. Unlike generic name and 
the names of other higher taxa, the name of a particular species 
consists of two parts. In the year 1753,theSwedish biologist Carolas 
Linnaeus formulated the method of Binomial (bio,two ; nomen name) 
nomenclature. According to this, scientific name of each plant and 
animal will bear two parts,in Latin. Such as, Mango tree as 
Mangifera indica, which stands as 4 common name to scientists 
and to all students. As the scientific name is given in two parts 
hence, this biological kind of nomenclature is called binomial 
system of nomenclature. 

It combines thefname of the genus with an additional epithet 
signifying the particular species with the genus. This system is 
also known as Binary system or two-naming system. The name of 
a genus is a single word that starts with a capital letter, while that 
of the species starts with a small letter. Asa rule, the name of an 
organism has two parts. The first part refers to the genus and the 

* second to the species. For example, the mango tree is scientifically 
known as Mangifera indica and the wild goose as Anas platyrhync- 


hos andso on. Such a system of naming plant or animal is termed 


Binomial nomenclature. This was first introduced by Linnaeus and 


finally settled by International Congress of Botany and of 


Zoology. 
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Linnaeus first used the system of binomial nomenclature in his 
book “Species Plantarum.” 

9:17. Rules of Nomenclature : 

The following conventions of nomenclature may be noteworthy : 

(i) Names given to plants or animals prior to publication of 
‘Systema Naturae’ (10th edition) are not acceptable. 

(ii) Names should be written in Latin or its derivative. 

(iii) Both the generic and specific names must be written in 
Italics, the genus starts with a capital letter and the species begins 
with a small letter, e.g, Solanum tuberosum (potato). 

(iv) The specific name is usually a descriptive one, &84 
Hygrophila spinosa (a plant with spines). 

(v) Only a single valid name for each kind of plant is permitted. 
When two or more names are given correctly to a plant or animal, 
then the name used by the first author (the author who described 
the plant or animal first) is approved and the others would be 
treated as synonyms. This is known as the Law of Priority. 

(vi) The species must be mentioned for a newly established 
genus. 

(vii) The name of the author who first described a species 15 
also added to an abbreviated form after the name of the species 
e.g., Mangifera indica Linn,. Here Linn. refers to the author Linnaeus 
who first described the species, 

(viii) In case of animals the suffix-idea must be added to the 
family name and the suffix-inae to the sub-family name. 


A list containing the names of certain plants and animals are 
given below (next page). 
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918. Common name and scientific name 0f some plants and 


animals : 
| Common name Scientific name 
Rice Oryza sativa 
Wheat Triticum sativum 
Maize Zea mays 
Gram Cicer arietinum 
e Coconut Cocos nucifera 
4 Pea Pisum sativum 
z Banyan Ficus bengalensis 
Sensitive plant Mimosa pudica 
China rose Hibiscus rosa-senensis 
Rose Rosa centifolia 
Sunflower Helianthus annuus 
_ Mush room Agaricus campesteris 
-Cockroach Periplaneta americana 
Earthworm Pheretima posthuma 
Prawn Palaemon carcinus 
Toad Bufo melanostictus 
s Amoeba Amoeba proteus 
- Hydra Hydra vulgaris 
Zz Rohu fish Labeo rohita 
< Pigeon Columba livia 
Guineapig Cavia porcellus 
Tapeworm Taenia solium 
Cobra Naja naja 
Human being Homo sapiens N 


9:19. Modern trends in detailing nomenclature : Holotype: 
A male specimen is considered as typical by the author who 
describes it;the female one is known as Allotype, Toe type 
specimen is utilised by the taxonomists as a source for permanent 


reference. 
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Names of the sub-genera have the same form like genera and are 
put in parentheses after the generic name. But, the names of the 
sub-species is formed of three words, the first two signifies the 
name of the species. while the third used as word like the trivial 
name of the species. Conventionally, if a species is sub-divided into 
two sub-species, one of them must have the trivial epithet as the 
species. For example, Rattus rattus (the common rat) has a sub- 
species which is known as Rattus rattus rattus. 

9:20. Modern Approach to taxonomy ; Modern taxonomy aims at 
establish ment of proper relationship between plants and animals ia 
Horizontal Classification and establishment of relationship between 
animals and their ancestors i.e., Vertical Classification. The study of 
relationship by chemical analysis of parts of plants and animals 
comes under chemo-taxonomy. Modern taxonomists are making 
use of the advance knowledge of various branches of biology and 


are thus expected to reach a good position in their works 0n 
taxonomy. 


SUMMARY 


Although Taxonomy and systematics are closely related and often used 
loosely as a synoneme, still, their definitions and fields of applications are 
different. Classification ensures the correct definition of an organism e 
establishes itas an individual unit in the living world. The principles underlyi. 
any modern system of classification are based on the genetical relationship 
existing among diverse groups of organisms. In the process closely related 
groups are brought together. Classification are of vertical and horizontal types 

Hierarchic method of claasification extends from species to kingdom. Species 
are the lowest unit in classification, kingdom. —the highest. 

Nomenclature means naming of organisms ; to avoid linguistic anomalies ine 
names are given in Latin or Greek language, 

Binomial nomenclature procedure was proposed by Linnaeus in AT 
and has been accepted by scientists with modifications and is in vogue. This i$ vr 
, known as Binary system or two-naming system. The rules and regulations 
Proposed and discussed by scientists in naming animals has led to frame ? guide: 
dine that has been accepted by International zoological congress. 


te 
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Modern approach in taxonomy has proposed horizontal and vertical classi- 
fication to establish relationship petween plants and animals and between animals 
and their ancestors. 


THINGS TO REMEMBER 


1. Out of the innumerable plants and animals, as also numerous microbes, 
only 1:5 millions have been identified upto date. 

2. Taxonomy includes identification, nomenclature and classification of 
organisms. 

3. gystematics deals mainly with the diversity of organisms and aims to 
establish relationship between them. 4 

4. Classification is the scientific ordering of animals and plants into certain 
groups on the basis of their relationship. 

5. Nomenclature deals with the determination ofthe correct scientific name 
of a known plant or animal recognised in any g!ver classification. 

6. Systematics is a broader item that embraces classification and 
nomenclature, 

7. Carolus Linnaeus first proposcd a methodical classification, which is 
known as Natural System of classification, based on the natural affinities of 
organisms. 

8. Biological classification is based on the inferences concerning their genetic 
relationship. 

9. Hierarchy involves principle of priority while key serves the practical 
purpose only and is an arbitrary sequence, hence, artificial. 

10, In hierarchial classification species is the (lowest) unit of classification. 

11. Binomial nomenclature has two parts for a name, first signifies ihe genus 
and the seeond points to the speeies of the organism concerned. 

12. Theterm taxon signifies the rank like genus, family, order etc. upto 
phylum. 3 í 
13. Holotype signifies a typical male and allotype, a typlcal female specimen. 
14. When'the name of a sub species is added to the binomial nomenclature 4 

trinomial name is arrived at. A 
15. Theiast word in a trinomial nomenclature is known as a trivial epithet. 
16. Modern classification aims to establish proper relationship between 
different grades through horizontal and vertical classification, 


@ Graded Exercise @ 


A. Long answet type : 
1. Mention the importance O i 
the terms—taxonomy, classification and identification. 


f Taxonomy in Biology. Distinguish between 
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2. What is taxonomy ? What are its aims ? 

3. What is binominal nomenclature ? Give the scientific names of pea and 
guineapig and mention the systematic position of the organisms, 

4. What do you mean by classification ? Discuss the uses and purposes of 
classification. 

5. What do you know about natural and artificial systems of classification. 

6. How are Hierarchy and key contrasted ? Compare between them. 

7. Whatis Binomial Nomenclature ? Discuss the rules of nomenclature. 

B. Short answer type : 

8. What is taxonomy ? 

9. What is classification ? 


10. Write what you know about systematics ? 
11. What is identification ? 


12. What do you mean bythe following terms—(a) Category, (b) Deme, 
(c) Key, (d) Phenon, (e) Taxon and (f) Variety. 
@ Public Examination Questions from this Chapter @ 
A. Long answer type: ^ 
l. What is taxonomy ? Explain the basis and principles of taxonomy and their 


applications. (J. E. E. '78) 

2. Whatis binomial nomenclature ? Give the scientific name of a plant and 
an animal. (H. S. '78) 

3. Whatis classification ? Name the main taxonomic categories of classi- 
fication and describe the natural system of classification. (H. S. '79) 

4. Whatis binomial nomenclature ? Distinguish between the terms taxonomy, 
systematics, classification and identification. (H.S. 80,83) 


5. Write with examples the various methods of classification, (Tri H. S. '80) 
6. What is the importance of binomial nomenclature ? Who did first 


Introduced the method ? 1 (Tri H.S. '64) 
7. Give a brief description of the principles of taxonomy. Who proposed 
bionomial nomenclature ? (H.S. '85) 


3. What do you understand by identification, nomenclature and cis 
catiun ? What is the unit of Classification and what is its significance, (H. S. '87) 
9. What is taxonomy ? Who was the propoper of the binomial nomen- 


clature ? Write briefly about the rules or codes of classification, (H. S. '87) 
B. Other type: 


10. Write short notes on Linnaeus, (H.S. '84) i 
ll. Father of binomial system of uomenclatuse is John Ray/Aristotle 
Linnaeus, (H. S. '82) 


~~ 
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Syllabus: planation, General idea about food chain and energy flow. 


10-1. Introduction : 
The place where living organisms live with its surrounding forms its 


*avironment. Both physical and biotic environment together forms environment, 


Soil, water, air etc. forms physical environment, whereas the biotic environment 
is formed of the plants and animals. Living organisms and environment are 
interdependent. The branch of science which reveals the interrelationship between * 
the living organism and the environment is known as Ecology. According to 
Scientist Phillipson (1970) the branch of science which deals with the interrelation- 
ship between vegetative and organic anvironment is called ecology. 

Both piants and animals are interdependent. Again they cannot survive with 
Out:the physical environment. The parts of earth i.e. the different strata of air, 
soil and water where living organisms survive or live together forms the 
biosphere. The biosphere includes the living organisms of water, soil and air and 
tbus it is divided into hydrosphere, lithosphere, a’ .osphere respectively. The sum 
total organisms (both plants and animals) of a specific region in a place on Earth 
forms the Biomass of that place. The total organic matter present in an ecosys- 
tem is usually expressed in terms of biomass. The physicalenvironmentin which an 
Organism lives is called its habitat. Different forms of organisms live in different 
natural surroundings. That is why we find the types of organisms existing in 
desert quite different from the types that growin area ofevergreen vegetation. 
Again, fresh water fishes are not found in salt water. 

Ecosystem is the functional unit of ecology, which deals with the *interrelatiou 
between the living and the non living objects of the environment. Green plants secure 
Taw materials from the abiotic environment to synthesise their own food, while 
animals depend upon plants directly or indirectly. Dead remains of plants ana 
animals on the other hand, are decomposed by microorganisms into some chemi- 
Sal:cor pounds which in due course combine with the soil. 
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Living organisms that grow in the same natural conditions develop some 
oftheir own specific characteristics, These type of similar organisms together 
form the biotic community. Among the different types of living organisms which 
grow and develop in the same place develop a direct or indirect relationship 
between them. Almost all biotic community are formed of plants, animals and 
microbes. Each and every ecosystem is an independent unit. The plants andanimals 
of such an ecosystem are known to have definite relationship, directly or indirectly 
with each other. The plants and animals of a particular area (ecosystem) related 
toeach other is called biotic community or simply community. Ecosystem 
are mainly of two types (1) Aquatic and (2) Terrestrial... Aquatic Ecosystem 
can be further divided into two types: (a) Fresh water and (b) Salty water. 
-Terrestrial Ecosystem comprises of forest ecosystem, ecosystem of grassland, 
desert regions etc. Each and every ecosystem is an independent unit. When in 
a particular ecosystem several complexities grow the number of species under 
this ecosystem increases. The term ecosystem was first used bya Christian 
(Scientist Tansley (in the year 1935). In the earth the different ecosystems maintain 
their inter relationships- ‘That is why the ecological balance si possible. 


102. Definitioa of Ecology and Ecosystem : 

Ecology: (i) The branch of science which reveals the inter 
relationship between'the living organism and the environment is kuow4 
as Ecology. 

(ii) The branch M science which reveals the interrelationship 
between vegetative nnd organic environment is called ecology 
—Phillipson (1970). Ecosystem: Ecosystem is the funct ional unit of 
ecology which deals with the interrelation between the living and mom 
living objects of the environment. 

10:3. Some important Terminology of Ecosystem : 

1. Autotrophs 3 Chlorophyll-containing green plants are calles 
autotrophs. They act as producers in an ecosystem. 

2.. Homeostasis; It isthe prccess during which the biola; 
gical system tends to resist change and to remainina state a 
equilibrium, 

3. Cybernetics: It is the science of control in an ecosystem 

4.. Biosphere: The parts of earth i.e. the different strata of 
air, soil and water, where living organisms survive or live together 
is called the biosphere. i 

n. 5. Biomass (or Standing crop): The sum total organisti 
; : (both plants and animals) of a specific region in a place 0? di 


| 
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forms the biomass of that place. The quantity of living mate- 
rial in the different trophic levels is usually expressed in terms of 
biomass (organism mass). 

6. Biome: When the plant formation is controlled by biotic 
factors (which constitute the effects of the activities of living 
organisms like plants, animals and soil micrc-organisms like 
bacteria) then the climax i.e. the* final steady stage in the 
succession, is generally called as biome. 

A group of distinctive types of plant and animal communities 
are called biomes e.g. tropical rain forest ecosystem, etc. 

7. Autecology: It is concerned with the study of the indi- 
vidual organism or an individual species. Life histories and 
behaviour as a means of adaptation are generally emphasized. 
If a study is made on the relation of a pine tree (or of pine trees 
in general) or a Rhododendron plant (or of Rhododendron plants 
in general) to the environment, the investigation would be 
autecological in nature. 

8. Synecology: It is concerned with the study of groups of 
organisms that are associated together as a unit. If the study is 
concerned with the forest in which the pine or the Rhododendron 
lives, the approach would be synecological. In this case the 
picture as a whole is concerned. 

9. Plankton: German ecologist V. Hensen first introduced 
the term ‘plankton’ in the year 1887. The term plankton 
indicates any dead or living organism (plants or animals), 
that floats passively in water and which are more or less dependent 
on water currents or wind action for their movements. 

10. Phytoplankton and Zoo plankton: Free floating minute 
plants mostly unicellular or multicellular and solitary or colonial 
algae constitute what is called phytoplankton (Gr. phyto, 
plants ; plankton, floating). They are autophytes because they can 
manufacture their own food from raw materials eg. $richodesitam, 
Anabaena, Melosira etc. Some phytoplankton are fungi? and 
bacteria which lives as a parasite or saprophyte. . ^ 
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Whereas free floating minute animals are called zoo-plankton, 
*(Gr. zoo, animal ; plankton, floating). eg. small arthropods. 

ll. Benthos: The organisms attached with or resting on 
tthe bottom or living in the bottom sediments are called benthos. 

The animal benthos are classified according to the mode of 
feeding into filter-feeders and deposit-feeders. Clam and snail 
are the respective examples, 

12. Population aud Community or Biocoenose? The term 
Population is used to include groups of individuals of any one 
kind of organisms. The same was originally coined to denote 
a group of people occupyinga given area. Community or bio- 
coenose includes all the populations of an ecosystem. 

13, Ecological Niche: The taxonomic biotic components 
in an ecosystem is called ecological niche, which means the role 
or function that the organism plays in that ecosystem. 
Examples—In grass-land ecosystem grasses, non-grassy herbs 
end woody plants occupy the same niche although they are not 


telated taxonomically. When present in the grassland ecosystem , 


bison, deer and cow, occupy the same niche, although they are 
not taxonomically related, 

14. Nekton: Those aquatic animals which can swim freely 
in water are called nekton. Example—fish, shark, whale, aquatic 
‘insects, etc. 

10°4.. Components of Ecosystem s 

Any ecosystem comprises of several factors which may be dealt 
under two categories i.e., Abiotic components and Biotic components. 

1. Abiotic Components: The different mineral salts such a5, 
calcium, Potassium, magnesium, sulphur, oxygen, nitrogen, carbon- 
dioxide, water, soil etc, form the abiotic factors of ecosystem 
Besides all these, amino acid, humic acid are present which adds 
into the abiotic factor. The producers (ie. green plant) secure these 
substances from soil and air in order to prepare their foods. 

A. Physical factors ¢ Physical factors include light, temperatur® 
atmospheric pressure, atmospheric humidity, annual rainfall, 
snowstorm etc, 
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(a) Light: Itisthe primary source of energy of the living 
world. Various life processes are influenced directly or indirectly 
by this factor. 

(b) Temperature; It may be divided into three types— 
(i) Optimum (ii maximum (iii) minimum. The temperature 
tolerance of a given species at different stages of its life history is 
variable. The optimum temperature lies towards the maximum 
limit of temperature, (however, it is not the mean ofSthe maximum) 
and minimum temperatures, In the optimum temperature life 
processes function smoothly and efficiently, The maximum tem- 
perature for some organisms is about 38°C. The chemical cons- 
tituents of the protoplasm suffer considerable change at this 
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Fig. 10:2. Complete schematic representation of the 
ecosystem of the world. ^ 
temperature, The proteins, one of the chief constituent (of the 
protoplasm, become denatured and coagulated at considerably 
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high temperature. However, the average maximum temperature 
for living organisms lies between 40°C—45°C. 

(c) Atmospheric pressure s It has its own influence on the living 
world, The atmospheric pressure varies inversely with the altitude. 
Lower atmospheric pressure results in lower pressure of oxygen 
and this condition is harmful as it leads to less oxygenation of 
the tissues. The above conditions along with humidity of air, etc. 
fall under the climatic conditions of an environment. 

B. Soil factors (Edaphic): The environmental conditon of 
a place mainly depends on the nature of the soil, water holding 
capacity, percolation of water through the soil, amount of water 
under soil, soil air, soil temperature, nature of the soil-sap ie 
whether it is acidic, basic or neutral, etc. 

C. Physiographic or Topographic factors : The altitude, undulating, 
landscape, the amount of light falling on a place or wind blowing 
through the region etc. add in to form the topographic factors of an 
ecosystem. 


Components of Ecosystem 
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From the functional point of view the living organisms of the 
Ecosystem are divided into two components by Odum (1971) eg., 


(i) Autotrophic Components: Those living organisms of a 
biotic community for the preparation of their own food depends 
on;the environment for water, carbon dioxide and for fixation 
of light energy are regarded as autotrophic components. All 
chlorophyll-containing green plants come under this category. 


(ii) Heterotrophic Components: Those living organisms 
utilises, and decomposes the complex substances produced by auto- 
trophic components as they can’t prepare their own food 
matters due to lack of chlorophyll are called heterotrophic 
component. Except few plants most animals come under this 
category as they are directly or indirectly dependent on auto- 
trophic components for food. 


2. Biotic Components Biotic components are the constituents 
of a community. Each Biotic community comprises of (a) Producers 
(b) Consumers and (c) decomposers. 


(a) Producers? The green autophytic plants are regarded as 
producers. They are able to synthesize carbohydrates, proteins, fats, 
ete, from certain inorganic constituents (CO,, H,O, mineral salts, 
etc.) of the surrounding environment with the help of chlorophyll 
in presence of sunlight. The producers prepare their food matters 
by the process of photosynthesis which is as follows— 

Light energy 
6CO, 4- 12H, O-- — — C,H 0, 4-605 4-6H,O 
* Chlorophyll- act on (glucose) . 
of enzyme 

Proteins, amino acids and other important materials are also 
produced other than glucose. Autophytic plants may be of two 
types—(i) large rooted plants growing on lands or in shallow 
water and (ii) small floating algae constituting what is called 
phytoplankton (phyto, plant ; plankton, floating). The latter is 
more.important of the two and they may grow up to that level of 
a sea or in a je Jake a "me SOIT can reach. ,Phyto- 
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plankton is the main source of food of majority of the primary 
consumers. 


Fig. 10-3. Grassland ecosystem showing the rate of 
utilization of energy by successive trophic levels. 


There are certain bacteria which can prepare their own food 
even in darkness by a special process chemosynthesis. For 
example, some chemosynthetic bacteria (nitrifying bacteria) 
can convert ammonia to nitrite and nitrite to nitrate, Certain 
bacteria called photosynthetic bacteria can carry out photosynthesis. 

£ Both these types of bacteria are producer-organisms, 

(b) Consumers Consumers are of three kinds (i) primary 
consumers (ii) secondary consumers (iii) tertiary consumers. 

(i) Primary Consumers: The plant eaters are called primary 
consumers or first order consumers, The minute animals in the upper 
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level of water constitute zoo plankton e.g., Daphnia, protozoa. The 
primary consumers in the lower level of water are called bettom 
forms eg., arthropods, snails, small fishes, etc. Primary consumers 
of land are herbivorous animals, e.g., grasshopper, pigeon, 
rabbit, moakey, deer, cow, etc, 

(ii) Secondary Consumers: The carnivorous animals feeding 
onthe primary consumers ars called secondary consumers or 
second order consumers, e.g., spider, toad, frog, mole, etc. 

(iii) Tertiary Consumers: The animals living on the secondary 
consumers ars called tertiary consumers or third order consumers, 
eg., tiger, lion, leopard, whale, shark, hawk, eagle, etc. 

(c) Decomposers: Itis also called reducers or microconsu- 
mers. Certain heterotrophic bacteria and fungi break down the 
complex compounds of dead protoplasm, absorb some of the 
decomposed products and may release certain simpler substances 
for further utilisation by the producers. These together form the 
decorposers. 

(d) Transformer: Certain bacteria comprises this class. 
They are capable of reducing simpler substances decomposed by 
decomposers to further simpler forms and returns these back to 
the environment. These are consumed by the different forms of 
producers, 

Habitat and niche—The term habitat is used to mean, the place 
Where an organism lives and the term niche, on the other hand; 
is used to mean the role that the organism plays in the ecosystem. 
Tigers and deers live together in a forest, Thus, the forest is 
their habitat. The relation between them is that, one is the 
Source of food and the other is the eater. Such a way of living 
i.e., process of securing food is referred to as niche. 

10:5. Operation of Ecosystem : j 

This takes place in a succession as stated below— 

a) Entrapping of solar energy, 

b) Green plants i.e. the producers synthesise organic food 
matter like carbohydrate by the help of CO,, H,O, sunlight an 
inorganic salts. ; 

Bio, (10R)—3 
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c) Taking in of different forms of producers by the consumers 
and assimilation of the consumed substances. 

d) After decomposition of the dead animals and plants by 
microorganisms several chemical substances are released which 
can be utilized by the plants. 

10.6. Different types of ecosystems : 

A number of ecosystems are formed in nature on the basis of 
variations in the abiotic and bioticenvironments (vide introduction), 
There are, however, two basic types of ecosystems viz., aquatic and 
terrestrial ecosystems, 

107. Aquatic Ecosystem or self sufficient Ecosystem in a pond? 

A pond isa typical example of an aquatic ecosystem. 
It comprises of four components— abiotic substances, producers, 
consumers and decomposers. 

1, Abiotic substances: The abiotic substances are both 
inorganic and organic. The chief inorganic substances are H,9, 
CO,, oxygen, nitrogen, calcium, phosphorus, etc. These substances 
in a state of solution or solidity are thus available for the nutrition 
of organisms from the environment. 

2. Producers: The producers in a pond are mainly of two 
kinds, viz, (a) relatively larger plants that grow in shallow 
water ; such plants may be rooted. eg., Vallisneria, Hydrilla, ete. 
or free floating, eg., Pistia, Water hyacinth, etc. (b) Minute 
floating plants, mainly algae constituting the so called phyto 
plankton. These are distributed throughout the pond as deep 
as light penetrates. The phytoplankton is much more important 
than the rooted plants in the production of basic food for the 
ecosystem, 

3. Consumers: The consumers are primary, secondary and 
tertiary. The primary consumers feed on plants which actas 
producers, These are of two types (a) zoo plankton, (b) benthos. 
Amoeba (a protozoan), Daphnia, cyclops (arthropod), eic. consti” 
tute the zoo plankton, while snails, small fishes, etc. constitute the 
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benthos. The secondary consumers are carnivores which feed on the 
plant caters, eg., prawn, some fishes, etc. Thetertiary consumers eat 
primary carnivores, eg., sheat fish (B. Boal fish), snakes, Bhetki, etc, 


e cuoi. Producer organisms 
(Phytoplankton) 
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organisms 
(Large pants) 


Tertiary 
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Fig. 10-3. Food chain in the ecosystem of a pond. 


4. Decomposers: Different types of aquatic bacteria and 
fungi act as decomposers. They are more abundant in the bottom | 
mud rich in dead decayed plant and animal accumulation. By 
the action of aquatic microorganisms, the dead bodies are rapidly 
decomposed and much simpler substances are released for future 
use of the autophytic plants, 

Plankton and Benthos: These are two major life forms in 
water. The organisms which are more or less dependent on water 
currents or wind action for their movements are called plankton, 
Phytoplankton are free floating plants, where as zoo plankton 
comprise of the forms of free floating animals. Organisms 
attached with or resting on the bottom or living in the bottom 
sediments are called benthos or bottom forms. 

Schematic representation of energy-flow from producers to 
Primary consumers; from primary consumers to secondary con- 
sumers and from secondary consumers to tertiary consumers, 
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where termination of energy-flow in the food results; is shown 
below s 


flow of Energy of 
Producer ——-—- Primary consumer ——-» Secondary consumer 
(Phytoplank- energy (larvae of insects) Primary (small fishes) 
ton and aqu- Consumer | 
atic plants) {flow of energy 
Death and decomposition by <—— Tertiary consumer 
decomposers like bacteria ; (large fishes) 


raw materials supplied to 
the producer organisms. 


108. Terrestrial Ecosystem : 

All the terrestrial ecosystems are more or less alike. A forest 
may be cited asa typical example. Each ecosystem comprises 
Of abiotic substances, producers, consumers and decomposers. 


mpoọser: ii? 


Fig. 10 4. Ecosystem of a forest showing food chains. 


Tke abiotic substances present in the soil as well as in the air 


are almost similar to those of a pond ecosystem. In such ecosystem 
water is less abundant but not inadequate. The mojor part of the 


abiotic substance of the soil is constituted by humus. 


MEN 
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The producers are mainly trees, shrubs and herbs including 
grasses. They are mostly bigger in size but fewer in number in 
comparison to the aquatic plants. 

AII the terrestrial animals are consumers which are found to 
occur in three successive trophic levels. The primary consumers 
are plant-eaters e.g., grasshopper, rabbit, mouse, etc. The secondary 
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Fig. 10:5. A food web in a terrestrial ecosystem (in a simplified way). 
Arrows indicate food relationships in the ecosystem. 

consumers are carnivores which feed on the plant-eater, e.g., lizard, 
snake, mole, etc. The tertiary consumers, e.g., hawk, tiger, lion, 
eic, are secondary carnivores which eat the primary carnivores. 

In this ecosystem several types of soil bacteria and fungi act as 
decomposers. The decomposers become active when dead and | de- 
cayed organic matters of plants and animals fall on the soil 


. forming humus. 


The biotic components of a terrestrial ecosystem can be 
represented by a food web (Fig. 105). ; 

Definition of food chain and food web: “The transfer of food 
energy from the source in plants through a series of organsims with 
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repeated eating and being eaten is known as the food chain"— 


Odum. At each transfer about 80—90% of potential energy is 
dissipated as heat. 
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Fig, 10°6, Food chain of the parasite. 


In an ecosystem the producer-consumer arrangement represents 
trophic structure ; where each food level is called trophic level. 

Green plants occupy the producer level (first trophic level), 
plant eaters form the level of primary consumers (second trophic 
level), the carnivores that feed on the plant eaters occupy the secon- 
dary consumer level (third trophiclevel)andthesecondary carnivores 
the tertiary consumer level (fourth trophic level), 
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Types offood chains: There are three types of food. chains 
—(1) predator food chain (2) parasitic food chain (3) saprophytic 
or detritus food chain. A predator food chain starts from green 
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Fig. 10:7. Food web. 


plants and extends upto carnivores i.e., it includes consumers only, 
A parasitic food chain goes from larger (host) to smaller (parasite) 
animals, A saprophytic chain goes from dead organisms or 
organic matters into microorganisms. Such food chains are inter- 
connected with each other to form a food web. 

Examples of food chain— 

(1) Grain (producer)-rat (primary consumer) Snake 
(secondary consumer)-» Eagle (tertiary consumer). 

(2) Grass» grasshopper— frog snake—peacock. 

(3) Grass->deer—lion or tiger. 


10:40 A TEXT BOOK OF BIOLOGY 


' 10:9. Ecological pyramid : We observe that a definite relation- 
'Ship lies between producers and different forms of consumers. 


FINAL e» 
CONSUMER-— — — 


[ TERTIARY 
€ CONSUMER. 


SECONDARY 
CONSUMER 


PRIMARY 
CONSUMER 


Fig. 10°8. Diagram shows food pyramid and flow of 
energy i.e., pyramid of energy. 


This relation can be represented graphically by means of ecolo- 
gical pyramids, in which the producers make up the base and 
successive level of consumers constitute the upper tiers. There are 
three types of ecological pyramids—(1) pyramid of number— 
here the number of individual organisms is taken into account ; 
(2) pyramid of biomass.-here the total dry weight of living 
materials are considered ; (3) pyramid of energy—here the rate of 
flow of energy at successive trophic level is taken into 
consideration. 

1. Pyramid of number; The pyramid of number is upright 
when the producer organisms remain in abundance near the base 
of food chain and the consumers gradually decrease in numbers 
towards the apex. Hence, in such situations the number of 
Producer organisms is always more than that of the primary 
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consumers indicating the’ relationship in numbers between the 
different trophic levels. The number of consumers decrease in the 
successive levels of pyramids from below upwards. The pyramid 


Fig. 10:9. An inverted pyramid of numbsr.of a tree ecosystem showing 
increase in numbers in-successive trophic level. The:base is formed 
by the primary producer. a ANS 
Base—Banyan tree. Middle—Birds (dependent on tree for food and shelter). 
Upper— Bugs, lices dependent on birds for food and shelter. 


of number may be inverted if the producer organisms are larger 
than the consumers in size, as in forests. (Fig. 10:9) 

2. Pyramid of biomass: Pyramid of biomass may be either 
upright or inverted. This pyramid indicates the total living weight 
of each trophic level belonging to a particular food chain of any 
ecosystem. The main feature of the pyramid of biomass is the 
indication of the gradual decrease in biomass in the trophic level 
from base towards the apex. In the forest ecosystem the pyramid 
of biomass is upright, and inverted in case of parasites, f 

3. Pyramid of energys The representation of -the jenergy-fow 
in an ecosystem with the help of a pyramid is called as the pstamid 
ofenergy. The trophic level at the base denotes the position of 
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the highest amount of energy whereas the amount of energy at the 
trophic level situated at the apex is the lowest. Pyramid of energy 
always remain upright as a gradual decline of energy takes place 
from the initiation to the termination of a food chain. For example, 


Fig. 10°10, Aquatic ecosystem showing the rate of utilization of 
energy by successive trophic levels. 
of about 20% of the total solar energy is used up by the green 
plants in the photosynthesis mechanism which they perform. We 
notice a decrease in energy from lower to higher trophic levels 
during respiration. Again whten energy is transformed from bx 
trophic level to the other 809/-909/, of the potential energy is lost in 
the form of heat energy. Hence, pyramid of energy always remains 
upright while a gradual decline of energy takes place from the 
starting point to the termination of a food chain. 
10:10. Energy—flow in Ecosystem : 
Energy flow in ecosystem occurs according to the law of thermo- 
dynamics which is one of the physical principles. According tO 
the first law, energy is indestructible and cannot be created though 
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transformation of energy from one form to the other is possible, 
According to the second law, a transformation of energy is always 
accompanied by a change of energy from a state of concentration 
to a state of dispersion. For example, photosynthesis is involved 
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Fig.10:11. Ecological pyramid. 
in achange of light energy to potentio-chemical energy with 
dispersion of some energy as heat energy. Growth, development, 
reproduction and other life processes take place by transference 
ofenergy without which life would become extinct and ecological 


` 


system would fail, 

In an ecosystem energy flows in a definite fashion. The main 
source of energy is the sun. The green plants synthesize carbohy- 
drates or other food materials within their body from CO, and 
water with the help of sunlight. Mineral salts are necessary for 
this purpose. Carbon dioxide released by plants help them to 
capture more sunlight, 

The rest of food energy is stored within the plant body. 
Different types of microorganisms act on .the plant body after 
their death. The microorganism carry out metabolic activities 
with the expense of decomposed plant materials. As such CO,, 
nitrogenous compounds, etc, evolve which may be further utilized 
by the existing plants. 

All animals are dependent upon plants for their foods, The 
animals utilize a part of the food for respiration. CO, and water 
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produced during respiration of animals may again be taken up 
by the plants. Animals get rid of excess mineral salts and 
certain toxic organic compounds from their body as excretory 
products which may be further utilized by the plants. 

In the soil after decomposition of dead animals by the micro- 
organisms, a number of chemical substances are produced. Tae 
plants may utilize these chemical substances. 

Energy never goes back to its source, In other words, the 
radiating solar energy never returns to the sun. Actually trans- 
formation of energy takes place. Green plants capture the solar 
energy to synthesize food having potential energy stored within 
its chemical bonds. Such potential energy transforms into 
kinetic energy during. respiration. A portion of kinetic energy 
is released as heat in the environment that subsequently passes 
into the space. Earth receives energy from the sun and loses 
energy continuously in the space, as a result, the total energy 
content remains the same. 

A considerable amount of heat and carbon dioxide are produced 
during combustion of fuels like coal, petroleum, etc. Oxygen is 
essential for such a process. Carbon dioxide produced in com- 
bustion helps the plants to secure more energy. In brief, light 
energy is converted into potential energy to be stored in the 
fuels. All these indicate the cyclic flow of energy within a? 
ecosystem, 

Stages of energy flow: Now energy-flow in ecosystem takes 
place in three successive stages ;—(1) Acquisition of energy 
(2) Use of energy (3) Unidirectional flow of energy. 

1. Acquisition of energy: The source of energy in ecosystem 
is solar radiation. 12:3x10? calories of solar energy reach 
earth each year. Of which a major part is reflected backto the 
Space due to the presence of cloud, smoke, dust particles 
According to German Scientist Rudolf Geiger about 42% of 
solar energy is reflected back to the space due to the presence 
‘of cloud, dust particles, etc in the atmosphere, 10%, of the solar 
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energy and ozone, oxygen, water vapour, carbonic acid, etc. are 
absorbed by the suspended solid particles in the air. In the 
daytime 48% of the solar energy fall on the earth. Some of the 
light energy is also reflected from the surface ofthe earth. The 
remaining light energy in entrapped by the chlorophyll present in 
the palisade and spongy parenchymatous cells of the mesophyll 
tissue of leaf where photosynthesis takes place. As a result light 
energy is transformed into kinetic energy which is stored as 
potential energy in the carbohydrate food matters. 

The primary production in ecosystem is the production of 
glucose by the green plants. Energy released during this time is 
called gross production. After respiration and other living processes 
the energy left behind is termed as net production or NP. 


673 Kcal. 
6CO, + 12H,0—— — —C,H,,0, 4-60, +6H,0. 
chlorophyll 


(b) Use of energy: In an ecosystem the producers transform 
solar energy to chemical energy and later in presence of water and 
carbon dioxide prepare carbohydrate. These plants are taken in 
by animals and thus potential energy is acquired by them. Again 
when the secondary consumers feed on primary consumers they 
also acquire potential energy. Thus when tertiary consumers take 
in secondary consumers, we see a similar flow of potential energy 
to occur. Thus, the main source of energy of all animals is food. 
The amount of energy acquired from food is called gross energy 
intake and in short denoted by the letter I. 

When energy flows through the different trophic level of an 
ecosystem we can see that some energy is dissipated as heat at each 


step which is of no use. 
In the year 1942, Raymond Lindemann formulated the law 


called 10 percent law. According to this law about 10% of total 
energy is transmitted during energy flow through several trophic 
levels, That is why we notice a diminision in the amount of 
energy. Energy used up by a body in order to function properly 


i$ called respiratory energy (R). 


£ 
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As for example, of about 100kg organic food present in grass, 
will make +°°kg. or 10 kg. biomass in case of herbivorous animals, 
and of about i2kg. ie., 1 kg. biomass in case of carnivores. According 
to Lindemann's 10% Law, in a grassland ecosystem about 100kg of 
grass would increase 10kg of flesh in the body of a deer. If this 
deer is taken in by a tiger its flesh would help in increasing ikg of 
flesh in the body of the tiger. Thus a gradual diminition of energy 
is noticed. Most of the amount of energy taken in by an animal is 
spent in digestion, metabolism and in performing other physiolo- 
gical functions. Some energy is also liberated as heat and thus lost 
to the surrounding. The amount of energy used up in performing 
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Fig. 10:12. Pyramid of number showing use of energy. 
several physiological functions of a body is called respiratory 
energy and is denoted by the English letter R, This shows the 
amount of food spent due to respiration. 


(c) Energy flow is unidirectional : Producers obtain their light 
energy from the solar energy. This light energy once entrapped 
by the chlorophyll cannot retrace its path, but are given out to 
the surrounding. Thus, along the trophic level energy gets trans 
mitted step by step but once given out it cannot follow its way 
back. Thus, flow of energy is unidirectional. 

Transference of energy : From gross energy intake i.e., I, if we 
subtract respiratory energy, the energy remaining is what is acquired 
by the consumers. So, if gross energy of primary consumers be I 


M 
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and their respiratory energy be R then the gross energy of secon- 
dary consumers would be I—R, 


Tertiary 
Consumers 


Secondary 
Consumers 


L J£nergyloss from living world El Energy gain fromliving world 
Fig. 10°13, Loss and gain of energy in living world. 


Now, we know that of the total amount of food ingested, all 
are not digested and absorbed by the body. The undigested and 
unabsorbed food substances are excreted out from the body by the 
process of egestion. These types of food or energy liberated out 
is called excretory energy and denoted by the letter E. The amount 
of energy actually assimilated by an animal body is equal to I—E, 

When animals die without being killed by other animals the 
source of energy decreases and this type of death is known as non- 
predetory death (D). Due to several unfavourable conditions the 
amount of energy lost due to death of animals is called wasted 
energy (W). With the help of transformers (T), animals and 
decomposers obtain their necessary energy from the dead and 
decayed organisms and several wastes. 

In each and every ecosystem energy flow is present. It is also 
noted -that in every ecosystem oxygen used and carbon dioxide 


needed remains the same. 
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1011. Flow of energy from producer to primary consumer : 

H. T. Odum carried out attempts to measure the flow of 
energy through food chains on a river ecosystem, silver springs, 
in Florida. He found that, of the net production of producers i.e. 
8833 kcal/m*/yr much of it (about 5465 kcal) become plant debris 
on which decomposers acted or they were carried downthe stream. 
Herbivores consumed 1478 kcal/m?/yr. (17% of net productivity 

`of producers) When some primary consumers died some of 


Omnivores 


Fig. 10-14. Energy flow. 


their remains decayed and some were carried downstream. About 
383 kcaJ/m?/yr, were consumed by secondary consumers, of which 
316 kcal were spent in respiration. So, net productivity at this 
trophic level is about 67 kcal/m?/yr. (44% of the former level). 
Now of the net productivity of 67 kcal/m?/yr. at the level of first 
carnivores 46 kcal were lost in decay and transportation. 

So, 21 kcal/m?/yr. passes on to the tertiary consumers. Of this 
15 kcal of energy were used in respiraticn and ret productivity is 
6 kcal/m?/yr. Since, the biomass of tertiary consumers remained 
Same year to year, the net production was passed to decay 
organisms ie. of silver spring ecosystem or downstream, In the silver 
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spring ecosystem no energy storage took place at any trophic 
level ie, the total biomass as well as the biomass of any trophic 
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level remained same from year to year. (Kcal/m?/yr). = Kcalorie 
per square metre per year. 


SUMMARY 


Living organisms and environment are interdependent. The branch of 
science which reveals the inter relationship between the living organism and the 
environment is known as Ecology. - Ecosystem is the functional unit of ecology, 
which deals with the interrelation or inter action between the living (biotic) and 
non living (abiotic) objects of the environment. Green plants secure raw 
material from the abiotic environment to synthesize their own food, hence act as 
producers, the basis of ecosystem. The structural components of ecosystem 
Comprises of producers, consumers and decomposers. The transfer of food 
energy from the source in plants through a series of organism with repeated 
eating and being eaten is known asthe food chain. There are three types of 
food chains—predator chain, parasitic chain and saprophytic or detritus food 
chain. In an ecosystem the producer consumer arrangement represents 
trophic structure, where each food level is called trophic level or energy level. 
When food chains of the same habitat interconnected with each other to form 
a complicated net work constitutes a food web. Several alternate pathways for 
the flow of energy is noted in a food web. A definite relationship lies between 
producers and different forms of consumers. This relation can be represented 
graphically by means of ecological pyramids, in which the producer make UP 
the base and successive level of consumers constitute the upper tiers. There are 
three types of ecological pyramids—the pyramid of number, the pyramid of 
biomass and the pyramid of energy. Energy flow in ecosystem takes place in 


three successive stages—acquisition of energy, use of energy and unidirectional 
flow of energy. 


THINGS TO REMEMBER 


1- The interrelationship between the living organism and the environment 
js known as ecology. 

2. The functional unit of ecology is the ecosystem. 

3. The inter action of living organisms with biotic and abiotic components Of 
the environment is known as ecosystem. 
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4. Green plants secure raw material from the abiotic environment to 
synthesize their owa food, hence act as producers. 

5. The structural components of ecosystem comprises producers, consumers 
and decomposers. 

6. Animals directly or indirectly depend on producers, hence act as 
consumers. 

7. The consumers may be primary,*secondary or tertiary, 

8. The producer—consumer arrangement represents trophic structure, where 
each food level is called trophic level or energy level. 

9. Decomposers are hetero trophic bacteria and fungi which break down the 
complex compounds of dead protoplasm, absorb some of the decomposed 
products and may release certain simpler substances for further utilization by 
the producers, Heace they supply raw materials for the growth and development 
of the producers like planis. 

10, The transfer of food energy from the sourcein plants through a series of 
organism with repeated eating and being eaten is known as the food chain. 

11. When food chains of same habitat are interconnected with each other to 
form a complicated net work constitute a food web. 

12, The relationship between the producers and the successive levels of 
consumers may be represented graphically by means of ecological pyramids, in 
which the producers make up the base and the successive levels of consumers 
constitute the upper tiers. 

13. The main source of energy in the ecosystem is the sun. Energy never goes 
back to its source. ^ 

14. Energy flow is unidirectional. Along the trophic level energy gets trans- 
mitted step by step but once given out it cannot follow its way back. 

15. Energy fiow in ecosystem js according to the law of thermodynamics, 
According to the first law energy is indestructible and cannot be created though 
transformation of energy from one form to other is possible, According to the 
second law a transformation of energy is always accompanied by a change of 
energy from a state of concentration to a state of disp2rsion. 


CONSERVATION 


Syllabus: Definition, conservation of soil, water, forest and animals 
(examples Rhinoceros of West Bengal.) 

1012. Introduction : 

Ecological balance is maintained when the environmental 
factors remain in a state of balance. If one or more of these 
factors are disturbed to any extent, then they may be recovered 
soon. But, gross natural calamities like flood, earthquake, vol- 
canic eruption, etc. destroy the ecological balance considerably 
and environmental organisms are liable to destruction. 

With the advancement of civilization, more and more resources 
are being used up. Big forests are being uprooted for the deve- 
lopment ofcities. Forest plants are utilized as fuel as wellas for 
making furniture. Water reservoirs are pumped out for agricul- 
tural purposes. Dams are being constructed for generation of 
hydro electricity. Poisonous chemicals are used as pesticides. AS 
a result, the terrestrial and aquatic organisms are being affected. 
Man kills the wild animals at random for flesh, skin etc. The 
rainfall is affected by the destruction of plants. The soil erosion 
becomes rapid due to the destruction of coastal forests. Man has 
created imbalance in the biotic community. Random utilization 
of these resources will threaten our future civilization. To main- 
tain the ecological balance we should take care to conserve the 
natural resources. 

The practices which deals with the proper and scientific utili- 
zation of natural resources in a planned manner are collectively 
known as conservation. 

10:13. Definition of Conservation : 

Conservation can be defined as the process which is concerned with 
the use, preservation and proper management of the natural resources 

<t of the earth and their protection from destructive influences, misuse. 
, decay, fire, or waste.— Odum (1972). 


VON 


ECO-SYSTEM, CONSERVATION AND POLLUTION 10°53 


1014. Aims of conservation : 

(i) A continuous yield of useful plants, animals and materiais 
to be ensured. 

(ii) To preserve the economically important plants, animals, 
asa source of recreation, creation of aesthetic sense and to meet 
the various needs of life. 

(iii) To maintain the ecosystem balance (maintaining a 
balanced cycle) the natural resources can be grouped into two 
categories :—(1) Renewable or Replacable—These resources can 
be used again and again eg., timber, food, cotton, etc. 

(2) Non-Renewable or Non-replacable— These resources once 
used gets exhausted eg,coal, petroleum, minerals etc. 

1015. Importance of Conservation : 

Conservation is essential to maintain the ecological balance, to 
add to the source of recreation of mankind, to meet the future 
demands, to create aesthetic sense, to yield beneficial plants and 
animals and at last to substitute the natural resources being 
exploited considerably by returning them back to the nature 
through proper ways. The other two inportances of conservation 
are to maintain the economic condition of the country and to 
help in the benefit of mankind. 

10:16. Differnt typesof Conservation —A brief discussion regarding 
the conservation of some of the natural resources such as forest 
conservation, soil conservation and water conservation are being 
stated below. 

10:17. Conservation of Forest : 

A. Importance of forest : (i) Theforests provide us with fuels, 
give shelter to a number of organims. (ii) Supply foodto theprimary 
consumers. (iii) Forest induce rainfall. (iv) Forest resist soil 
erosion and even flood. (v) Some forest products like timber, fibres, 
resins, paints are economically important. (vi) Forest fires destroy a 
large number of forest plants and animals and thus prevention of it 
can protect plants and animals. 

The scientific methods used for protection, nourishment and 
proper use of forest plants and animals are collectively called forest 
conservation. 
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B. Aims of Forest conservation 


() Increase the yield of plants with economical importance, 
(ii) Increase the production of fuel yielding trees, 
(iii) Increase of natural resources, etc. 


The different suitable means adopted for forest conservation are 
called Silviculture. 


C. Method of Forest conservation : 


In general the measures followed for forest conservation are : 

(a) To avoid forest fires. 

(b) To restrict the entrance of domestic (herbivorous) 
animals which eat up plants, herbs, etc, which may be economically 
important, 

€) To uproot the weeds and other plants which grow in excess. 

(d) To destroy the diseased plants, to clear up the woody 
creepers, etc, 

(e) To cut down the fully matured trees in an economic way. 
(f) To kill the disease producing harmful insects and_ pests, 
ample—beetle, nunmoth, spruce, bud worm, etc. 

(8) To increase the area of forests, to protect the lives of plants 
and animals, 

(h) To cultivate the method of afforestation. 

(i) Avoid shifting cultivation, 

(j) Avoid setting up of mills and factories in forest areas. 

(k) People should be informed of the ill effect of deforestation 
through the mass media—T. V., radios, newspaper, etc. 

(1). Dishonest people should be punished. 

All the above methods are practised in order to carry on forest 
conservation, 

In India, a Forest Research Institute has been established 1 
DehraDun for carrying out all necessary works by severa 
Scientists, Monoculture forests of fast growing trees like ups 
Teak, Sal, Conifers, are being cultivated to get desired quantity an 
quality of timbers, wu 

In order to conserve forest and wild life for yield of mes 
Products, International Union for the conservation of Nature an 
.. Natural resources have been established from the year 1948. 


Ex 
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10.17 Conservation of Soil : 
Soil is one of the most important natural resources. It is the 


source of various important and essential elements necessary for 
proper plant growth. The fertility of the top soil gradually 
(decreases with the erosion caused due to rain, deforestation, strong 
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Fig. 10°16, A general view of how soil erosion occurs. 
wind, flood and other natural calamities. Conservation of soil is 
considered by taking two aspects. Control of soil erosion and ' 
maintainance of soil fertility. 

(i) Control of Soil erosion The wearing away of the soil is 
called erosion. The steps necessary for the control of soil erosion 
are being stated below. 

(1) Planting grasses and trees ¢ The roots of the vegetation 
penetrate deep into the soil and bind the soil firmly. In such cases 
they prevent the soil being washed away. 

Cultivable lands adjacent to the sea and being: subjected to 
erosion by sea waves can be checked from erosion by planting 
trees like Cassuarina or by placing boulders. 

(2) Building up bunds and embankments : These are constructed 
in order to prevent the carriage of mineralrich]top soil due to 
flood water and high tides. 
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| (c) By contour farming : In order to check the speed of water 
coming down from hill terraces are made on the hill slopes. 


Fig. 10°17. A topographical representation of contour firming. 


This is known as contour farming. In such cases the fertility of 
the soil is not hampered, 

(d) Control of grazing: The adequate grazing of the cattles 
causes the top soil to wear out. Their control helps in soil 
conservation, 

(e) Itis necessary to cover the flelds with polythene sheets 
during heavy downpour in order to resist soil erosion. 

(f) Afforestation is essential for proper checking of unnece- 
SSary soil erosion causing damage to the plants. 

The other methods of soil conservations are—control of flood 
Water; wind breaks by planting tall trees, by covering the soil 
With polythene sheets during rains and by terrace cultivation in 
the hills, 


(ii) Maintainance of soil fertility : 1 
- (a) Rotation of crops : The fertility of a field is lessened when 
the same type of crop is sown every year on the same field. It has 
been proved later that the rotation of crop on a particular field 
causes the fertility of the soil to increase to a considerable amount. 
Generally the cultivation of ground-nut, a leguminous plant, help 
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to increase the percentage of soil nitrates. Cultivation of crops 
by rotation leads to the preservation of the soil. 
| 
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y Fig. 10.18. Terrace cultivation (also a way of soi] conservation). 


(b) Use of fertilisers : The fertility of the soil can be increased 
by the addition of organic fertilisers to the soil. These organic 
fertilisers are of 3 types—(i) Green manure. (ii) Compost 
manure. (iii) animal manure. The green manure comprises of 
mixture of gram, pea, darchia, etc. and also decomposed products 

| of oil cakes, algae and various plants. The compost manure 
comprises of decomposed product of a mixture of both plant and 
animal manure. Atlast comes the animal manure which comprises 
Of dry faeces, crushed bones, decomposed fishes, etc, The proper 
addition of any of these above manures cause an increase in the 
fertility of the soil, 

1018: Conservation of Water s 


Water is an essential abiotic resource. Life cannot exist without 
water aud so it is very necessary and essential to conserve water. 
The important natural calamities are draught and flood which 
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results in the death and decay of vegetation, thus threatening the 
ecological balance. Water conservation can be followed by the 
ways stated below : 

Method of Water Conservation : 


(1) By maintaining the water cycle s Forests and trees should be 
conserved. The water bodies like pond, lake, river should be 
cleared to avoid active sedimentation. 

(2) By Checking pollation of waters Water is being polluted 
considerably by man, industries, fertilisers etc. which is destroying 
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Fig. 10°19. A gross view of water-cycle. 
the aquatic lifes. Even, there is a shortage of drinking water. Both 
man and animals are being subjected to fatal diseases. So, hiis 
should be kept clear from various impurities and substances tox! 
in nature. 


(3) Dams should be erected ; Dams hold back a huge amount 
; of water which can be send out at adequate intervals when necess* 
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ary for irrigation and other purposes. Dams help in checking 
flood and draught conditions. 

(4) Unwanted plant should be destroyed as they take away much 
of the water content of the soil through the process of absorption. 

(5) Establishment of different projects : For providing suffi- 
cient water for irrigation, drinking purposes, etc. 

(6) Construction of deep tabewells : For irrigation, drinking 
purposes, etc. 

(7 Tobuild catchment areas in order to store the rain water. 

(8) By not wasting water and using it in an economic way. 

(9) By mot using  insectisides, pesticides and herbicides. 
Instead, the use of biological control method would yield better 
results, 

(10) By not throwing unwanted substances in the rivers, ponds, 
lakes etc. All the reasons stated above will help in the conservation 
of the water which is the life of all living organisms. 

10:19. Conservation of Wild life : 

The beasts and birds are the ornaments of nature, the beauty 
of the jungle. With the advancement of civilization, industriali- 
zation moves in rapid space. This has resulted in felling of the 
large trees, clearing the forests and subsequenly the savannah has 
tarned into barren stretch of land and latter converted to agricultural 
fields. This inconsiderate attack on the jungles have continued 
for the last few centuries throughout the world which has resulted 
in gradual depletion of wild animals,—the beasts and the birds, 

The dreadful lion, the majestic tiger, the dignified elephants, 
the elegant and plentiful other animals, as also the colourful 
birds that add to the life beauty, have largely disappeared. 
Abetted by the use of modern scientific weapons by the civilized, 
proud man the wanton massacre of wild ‘life has invited almost 
an end to this beauty of nature, It is high time for man to cry a 
halt to this savage attack to the wild life. Needless to mention 
that it develops on man himself to adopt measures to preserve 
wild life, the fellow ‚beings of the animal world. In efforts to 
this end, although late, still conscious people and the governments. 
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like meat, skin, feather, horn etc, from wild animals. There isa 
demand of such materials in foreign countries where we can export 
these materials and earn foreign exchange. 

(2) Besides, the resorts of wild life, particularly where vani- 
shing and rare animals are kept, is always attractive to both 
national and inter-national tourists. It is an easy source of earning 
revenue. 

10:24. Measures taken for wild life conseryation in India : 

In 1977the government of India formulated wild life (conser- 
vation) act (Act of 1972) and on 9th September (1972) declared that 
41 varieties of large animals, 2 typesof amphibians and reptiles and 
18 types of birds are entirely protected by law. 

At present with the assistance of I.U.C.N. (International Union 
for Conservation of Nature and Natural resources) different 
countries of the world has formulated the following ways and 
means for wild life conservation : 

1. Establishment of National parks, wild life sanctuaries, 

{ protected areas and forests. 

2. Enactment of wild life preservation. 

3. To educate the people by rousing their feeling and cons- 
ciousness for wild life and to hold public propaganda to this 
effect. : 

1, There are 5 National parks and 126 sanctuaries (including ali 
types) in India. 

(a) National parks—None is allowed to disturb its environ" 
ment and surroundings, excepting when situation demands. 

(b) Wild life sanetuaries—In this area any type of animal oF 
bird are prohibited from killing or trapping. The trespassers are 
liable to prosecution, / 

(c) Protected area— This is an area where (1) Vanishing 
animals are protected, (2) Safety is ensured to animals !? 
the vicinity of religious places, (3) Killing of animals is prohibited. 

(d) Protected forest— This is an area where preying on animals 
and felling of trees are prohibited according to Indian forest act. 

The main difference between National park and Sanctuary 
(including Protected area and Reserve area) is that National park 
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is open to visitors as per laws, while sanctuaries are classified as 
strictly protected place. 

2. Enactment for wild life Conservation—In India also à few 
types of animals have been declared protected by law through wild 
life protection act, 1972. Persons violating the law is liable to 
legal prosecution. Unauthorised entry and poaching is strictly 
controlled by forest protection force. 

3. To educate the people: (a) It is needless to mention that 
the above administrative steps are not sufficient to inculcate the 
feeling and love for the wild lifein commoners. Hence, efforts have 
been made to rouse public consciouaess through propaganda and 
mass contact. This will help in rousing public opinion which is 
the main weapon to fight against the destructive forces, 


(b) Further, through films on wild life and of forest areas 
the common people at large should be made to understand the 
necessity for conservation. Wild life conservation should be in- 
cluded in the school students curriculum so that students may be 
educated to love and develop interest on wild life, 


(c). To develop and establish new zoo-gardens which can educate 
the commoners and the children while catering pleasure and 
enjoyment, 


(d) To develop real forest area through planned plantation of 
trees, so that the area may really turn to a normal abode of wild 
animals. Plantation of revenue-earning trees like eucalyptus, 
rubber, etc. through *Banamohotsab" may help the Government in 
earning revenue, but these never help the wild life, 


(e) Through exchange of rare and attractive animals with the 
foreign countries or even selling them outright when possible, the 
Government can enrinch our zoo-gardens in one hand and can earn 
foreign exchange on the other. 

Conservation s Conservation of nature is the prime necessity 
for maintaining ecological balance. Hence, conservation of wild 
life forms isa part of it. Protection, careful exploitation and 
management of wild life will save this natural resource from misuse, 
decay and destructive influences. 
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1025. Analytical survey of the vanishing animals $ 
Hence, the conservation of wild animals is equally important ss 
that of wild plants. A number ofanimals have become extinct 
due to reckless killing of animals for skin, flesh, skeleton, horn, etc. 
In this way Dodo bird of Mauritus (late 1603 A.D.), passenger 
pigeon of North Eastern America (1900 A.D.), pink headed duck of 
Eastern India (1945 A.D.), Jerdon’s Coursar of Andhra Pradesh of 
India (1900 A.D.), Pahari boter of North Western India etc. have 
become extinct in recent year. The existence of some 350 species of 
animals is now in danger. Once these animals were distributed 
over vast areas but now they are confined to restricted area be 
_they are on the verge of extinction. The double-horned rhinoceros 
of Asia was once found in the North Eastern India but now @ few 
of them are found in Burma only. Once leopards Were found in 
good numbers in East-India and Africa but at present, they ere 
confined to Africa only. Similarly, Sphenodon of Newzealand, Big 
Bustard of India, hopping stock and Bauld Eagle of North America, 
tailed Ibis of Japanlion of Gir forest*(India), tiger of Asia, polar 
bear and Walrus of North pole, orangutang of Borneo and 


Fig. 10:20, Certain extinct birds : A— Dodo, p— Pink headed duck 


C—Jerdon's Coursar, D—Pahari boter- 


" 5 o 
Sumatra, white rhinoceros of Africa, single-horned rhino i 
North Eastern India and Nepal, wild donkey of Ladak and i 
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wild horse of Mongolia, blue whale, etc. are on the way of 
extinction. 

In recent decades scientists have become conscious of the harm 
ful effects of reckless killing of animals as well as of destruction of 
plants. So, vaious measures are now being taken to conserve 
wild life. 

10:26: Farther measures to conserve wild life ; 

These include :— 

(i) Restriction of killing wild animals, keeping the habitat 
intact, renovation of destructed habitat, etc, 

(ii) For preservation of wild life, several forests have been 
declared as reserve forests, sanctuaries, protected areas and 
national parks, The sanctuaries and national parks of India cover 
only 2'3% of the total forest area of India, 

(iii) Entrance to the reserve forest is prohibited without 
permission. A forest may be announced as reserve forest fora 
particular period, 

(iv) Fishing, killing of animals and cutting of trees are totally 
prohibited in the sanctuaries. 

In Sundarbans (4629 sq. miles), there are (1) Tiger Sanctuary, 
(2) Water-bird Sanctuary (Sajnakhali)etc. for providing protection 
to promising population increase of the rare animals, 

In broader sense, the term wild life conservation also means the 
conservation of aquatic animals such as fish, crocodile, tortoise, 
prawn, crab, whale, oyster, etc., of which the fish is the most 
important, In population explosion, man is kept away from taking 
fishes due to unscrupulous use of water-tanks as well as due to use 
of pesticides. In the light of modern researches, we can now utilize 
a number of sea fishes according to our requirements. The Govern- 
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ment of India and the State Governments have taken several 
programmes in fishing and conservation of fishes. Such programmes 


Fig. 1021, Certain rare animals. 

` (A) Bustard, (B) Holook, (C) Leopard, (D) Single-horned rhinoceros, 
(E) Wild donkey and (F) Asian lion. 

include construction. of dams and fishery dams (verees) for preser- 


vation of water, hatching of eggs, culture of improved hybrids, 
introduction of induced breeding, etc. 
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l RHINOCEROS PROJECT 
Introduction : A handful number of living species of rhinocerose? 
are the remnants of once flourishing groups of animals that lived 
all the world over in past geological days. To-day they constitute 
a single genus Rhinoceros and are confined to the old world only. 
The genus constitute two species in africa and three in southern 
| Asia. The rhinoceros is a huge animal with a thick blackish skin 
: folded to form characteristic folds or shields with scarce hair 
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There are one or two medially placed horns on the snout. The 
horn, unlike the horns of cows, etc. are not formed of bone, but is 
composed of closely matted horny fibre formed from the skin. 
The horn is in no way connected with the skull-bones. However, 


Fig. 10:22. Rhinoceros 
there is slight enlargement of the nasal bone which provides a 
support to the horn. : 

The great one-horned or Indian  Rhinoceros (Rhinoceros 
unicornis Linnaeus) ¢ These are about 13 feet (3.9 metres) long 
with a hight of 5°6 feet (1:5—1:8 metres) weighing about3 , 540 
Ibs, or 1,577 kg. The horn (along curve) of medium size measures 
about 37—40cm. (rarely upto 60 cm.) 

A. Rhino-killing—the incentive ¢ 1. Animal like rhinoceros is of 
great interest to the enthusiastic hunters. 

2. The popular belief among the common public that some 
parts of rhino body including blood has medicinal and other 
values ; suchas, (a) Its flesh, blood, horn and urine are of great. 
demand by oriental peoples for offering libations, (b) The horn is 
believed to have medicinal properties and is capable of neutralizing 
snake-venom, (c) during giving birth to child the prospective 
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mother having a rhino-horn under her bed is believed to be relieved 
oflabour.pain, (d) Rhino-horn is believed by people of Eastern 
Asia and China to rejuvinalte masculinity and vigour. 

3. The above superstitions, in vogue, moslty among uneducated 
general mass offers an opportunity to the greedy businessmen who 
exploits the public belief, These businessmen engage poachers 
who mechanically and mercilessly kill the rhinos, as and when 
available. 

Normally a horn weighs about 906 gms. to 1000 gms. 
(2-2% Ibs.) and may be sold ata price of about 2,000/- rupees, 
while fancy prices are exorbitant. 

Modern researches have totally discarded the medicinal value 
of the horn or any other part of the rhino-body.Further, the rhino 
horn does not contain any hormone and as such it has no effect on 
masculanity or male vigour. 

Adequate public consciousness is to be raised through proper 
mass enlightenment so that demand of rhino-bodyparts decreases 
which will prevent them from engaging poachers. 

B. Project to Conserve Rhinoceros ? Unfortunately, no project has 
yet been taken up by Government of India. However, the West 
Bengal and Assam State Governments have taken certain projects 
for Rhino-conservation. As such Rhinoceros conservation act was 
introduced in 1932, The project has the following aims : 

a. In the reserve forests ( Jaldapara and Kaziranga ) where 
rhinoceroses are conserved, trespassers are liable to prosecution. 

b. Sufficient number of guards are engaged to look over the 
intruders and arrest or kill the poachers in action. 


€. Tourists visiting the forests are not allowed fire-arms oT 
weapons, 


d. Publicity and propaganda are made to convince the public 
that the horn of rhino does not possess any medicinal value. 


€. The Government has made arrangements so that public ca? 
collect the urine of rhino, if required, 


f. Through mass-media people are given to realise that Rhine 
ceros isa rare animal, a national wealth of which we should 
proud of and it should be conserved, 


——————————————À—— 
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Rhinoceros Conservation areas in India, 


Name of Forests where No. of Rhino (according 
to Central Government 
State conserved statistics/1960) 
l. — 5 
W. Bengal Jaana T 45 
2. Gorumara s» 
Assam 1. Kaziranga ) 
2. Sonarupa | 260 
3. Lookhoa * 
4. Manas 
5. Orang J 


+ Other places—70, 

T1 Established in 1941 with 105 sq, mile area. 

Present distribution—It is confined to the Terai area of North 
India extending upto Chaitwan area in East Nepal with isolated 
patchesin Assam (Shibsagar district and the Balipara Frontier 
tract) and North Bengal (particularly in Jaldapara). 


~ X 


$ — "we-.| sanctuariesfor Conservation of 
f Rhinocerosin India 
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TIGER PROJECT 


10:28. Introduction : 


Tiger is another majestic wild animal. The magnificient 
Royal Bengal Tiger is a pride of our country. Their number 
sharply declined due to human interference. Due to indis- 
criminate killing by hunters and poachers, the animal came 
almost on the verge of extinction, In view of the above, the Cen- 
tral Government took up a project to protect the animal and 
conserve it through the financial assistance of World Wildlife fund, 
so that under protection their number may reasonably increase. - 

In 1972, Ist. October, the tiger project has been started in India. 
For the purpose, the reserve areas have been divided into 4 divi- 
sions. Within five years the number has increased considerably. 


Table 


Name of reserved 


Tiger Conservation Area 


Area 


Location 


—— 
9. Ranathambhore 


Rajasthan—Soi | 300 sq. K 


Madhopore Dist. 


m. 


No. of Tigers 


hred 1972 | 1984 
NM AE EA EE 
1. Sundarban West Bengal—24- | 2,585 sq. km" 151 | 181« 
Parganas ud 
2. Manas Assam—Kamrup 2,840 sq. km 21 | 105 
Dist. Ec 
3. Palamau Bihar—Palamau 928sq.km.| 41} 50 
Dist. EX base 
4. Simplipal Orissa—Mayur- 2,750 sq. km. 13] 
bhanga Dist. 
5. Corbet Uttarpradesh— à 525 sq. km, 341.8 
Garowal and 
Nainital Dist. ee 
————————JFl zs. 48 
6. Bandipur Karnataka—M ysore 690 sq. km. e 
Dist. deem p 
7. Kanha Madhya Pradesh— | 930 sq. km| 7? 
Mandla Dist. p E 
8. Melghat Mabarastra— 1,570 sq. km. 4 
Amarabati Dist. LR 


— oM M Wy on 


—— cr —<“~;7C«3S;3;P CS: 
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But, the space provided is inadequate and if the environment 
is not sufficiently congenial for food, movement and mating, then 
their existence will be at a stake (Dhilon Repleys, 1973). However, 
the nine tiger reserve areas in India, shown in above table their 
location and area and the number of tigers inhabiting the area is 
given below according to 1972 statistics. 

Sundarban—an ideal habitat for the stately Royal Bengal Tiger : 

It is situated slightly on the south (21°—31°) and (22°—15°) on 
the south latitude and &8°—10° and 89°—10° longitude. The western 
part of Sundarban is situated within Indian territory; itis 
1629 sq. miles in area. The soil is salty, the climate is humid and 
moist. It is full of mangrove vegetation and perennial trees which 
forms dense forests, at certain regions. 

The tiger (sanctury) project comprises of 119 small islands 
having an area of 4,000 sq. km. Of this the buffer-zone comprises 
of 1014 sq. km., the core-zone with 1,571 sq. km. area. None is 
allowed to enter in the core-zone. This area is enough to accomo- 
date 1,000 tigers. 


10:29. Gharial and Crocodile Project : 


Amongst the dwindling reptilian forms, projects have been 
undertaken to conserve Gharials and marshy Crocodiles. 

Gharial projects have been undertaken at Tikerpara in’ Orissa 
and at Bharatpur in West Bengal. 


CROCODILE PROJECT 


In Orissa at Nandan Kanan, near Bhubaneswar crocodile 
project has successfully been implemented. 

In West Bengal crocodile project is being implemented in 
24-Parganas, adjoining Sundarban, Further, it has been proposed 
to establish a crocodile firm in Salt lake aera, Calcutta, ; 


10:72 
10:30. Wild life reserves in West Bengal : 


District Name of the 
Reserve 
1 | 24-Para- 
ganas 
(b) Halliday Island 
| (c) Sojinakhali 
2 | Jalpai- | (a) Gorumara 
guri 
(b) Jaldapara 
(c) Chapramari 
3 | Darjee- | (a) Mahananda 
ling 


(b) Senchal 


(a) Lothian Island | Wild pig, Chital deer, Otter 
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Animals found 


etc. 
Tiger, Chital deer and 
birds. 


Sanctuary for acquatic 
birds, like Ibis, Pelican etc. 


Rhinoceros, Elephant, Tiger, 
Wild pig, Gour, Sambar, etc. 
Rhinoceros, Elephant,Tiger, 
Wild pig, Gour, Sambar, ete. 
Elephant, Tiger, Wild pig, 
Gour, etc. 


Tiger, Elephant, Gour, 
Sambar, Wild pig and Ho- 
look (imported). 

Black bear, Kotra, different 
types of birds. 


* Tiger project of Sundarban is excluded, which is discussed under tiger project. 
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Some important wild life reserves of our country other 


than West Bengal and the types of animals found there. 


State 


Assam 


Uttar- 
4 pradesh 
Madhya- 
E Pradesh 


6 | Karnataka 


7 | Tamilnadu 


p 


Kerala 
Gujrat 
9 
Kashmir 
10 


i M MÀ 


| 


Name and Type 


Animals found 


of reserve 
Rhinoceros, tiger, ele- 
Manas, (R.F.) phant, wild-pig, wild 
Kagiranga (S) buffaloes, wild fowl, 


Bharatpur (S) 


Hazaribagh natio- 
nal park (NP.) 


Chandraprobha (R. 


F.), Corbetnational 


patk, Nandadevi (S)? 


Rajajiand kangram 


Kanha national 
park, Shibpuri 
(N.P.) 


Barking deer and various 
varities of birds. 


This is a water bird 
resort. 
Sambar, wild, dog, 


different types of deer, 
Hyena. 


Different types of deer, 
Hyena, Sambar,monkeys 
and different birds 
including peacocks. 


Gour, Hyena, white tiger, 
Chital deer, sambar, 
different types of birds 
including wild fowl and 
peacock. 


Bandipur (R.F.) 


Madumalai (RF.) 
and Bhedanthangal 
(R.F.) 


Periyar (R.F.) 


Gir (R.F.) 


Dachigam (S) 


Four-horned antelope, 
Gaur, elephant and birds, 


Gaur, elephant, sambar ` 
and birds, | 


Elephant, wild pig, Gaur 
and birds. 


Lion, Sinkara, Antelope 
(Nilgai), Sambar, Chital 
deer and birds. 


Black and red bear, red- 
deer of kashmir, 
Barasinga, Musk deer and 
different types of birds. 


N.8. N.P.—National park, R. F.—Reserve forest and S—Sanctuary 
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1031 Extinct and vanishing Mammals and Birds : 
Below is. given a list of extinct and vanishing (which require 


_immidiate conservation Species). N 
Common name of the animal Scientific name 
Mammals ; 
1. Nilgiri Lengur Prebistis johni (Fisher) } 
2. Ounce or snow leopard Panther qunica (Schreber) 
3. Indian wild Ass Egqus humionus khur Lessen 


774. The great one—horned or | Rhinoceros unicornis Linnaeus" ^ 
Indian Rhinoceros 


~5. The wild yak Bos grunniens mutus (Przewalski, 
6. The Markhor 


7. The Nilgiri Thar 


Capra falconeri (Wagner) 
Hemitragus hylocrius (Ogilly) _ 


. 8. Berasinga or Hangool Cervus elaphus hangla(Wagnea) 
(The kashmir stag) 
9. The shou Cervus elaphus wallichi Cuviet 
10. Brow-antlered deer Cervus eldi eldi 
11. The Himalayan Musk 


Moschus moschiferus 
deer 


12. The Pigmy hog 
13. Royal Bengal tiger Panthera tigris tigris 
14. * The Indian Cheeta (or Acinonyx jnbatus 


t . l 
Indian hunting leopard) venaticus (Griffith) | 
Birds : 


1. * ThePink-headed Duck— 


2. The white winged wood 
duck 


3. iThe Mountain quail 


moschiferus Linnaeus 
Sus snlvainus Hodgson. 


Rhodonessa caryophyllacea. | 
Cairina scutulata 


Ophrysia superciliosa j 
ji QE.Gray) M 


Choriotis nigriceps (Vigor). : 
Cursorius bitorquatus (Blyth). | 


b 


4. Thegreat Indian Bustard 
5. «The Two-barred orJerdon's 
| Courser 


Main source—Indian Mi I —Exti ishing birds and 
manal of Indien useum Monograph—Extinct and vanishing 


* Extinct 
+ Doubtful existance 


Dee 


SUMMARY 


The proper and scientific utilization of natural resources ina planned manner 
and to maintain the balance of nature for the welfare of mankind are collectively 
known as Conservation. The different types of conservation are—conservation 
of forests, soil and water, etc. The utility of forest conservation isto increase 
the yield of economically important plants.to increase the production of fuel 
yielding trees, and to increase the natural resources. Soii is the source of various. 
important and essential elements necessary for proper plant growth on which 
theanimals are dependent. So soil conservation is essential. Water conservation 
is necessary as no life can survive without water. All do undomesticated 
animals lives in their own habits or those that inhabit where they have become 
adapted are togather called wild life animals. Importances of wild life are 
ecological, economical. cultural, aisthetical, etc. India government have taken 
different measures to conserve these animals by means of different projects such a 
Rhinoceros project, tiger projects ghorial and crocodile projcets, etc. To keep the 
ecosystem undisturbed conservation is very essential, otherwise it will cause harm 
to the mankind. To maintain the economic condition of the country and to help 
the human civilization conservation of natural resources are absolutely essential. 


THINGS TO REMEMBER 


1. The practices which deals with the proper and scientific utilization. of 
natural resources in a planned manner are collectively known as conservation. 

2. Conservation helps to maintain the balance of nature and for the welfare: 
of mankind. 

3. Thescientific methods used for protection, nourishment and proper use 
of forest plants are collectively called forest conservation. 

4. Asvoilis one of the important natural resources hence for proper plant 
growth and development soil conservation is very essential. l 

5. One of the essential abiotic resources is water, without which no life can 
exist. Soit is very necessary and essentia] to conserve water. 

6. Wildlife animals living in wild state in their natural habitate where they 
have been acclimatised. 

7. Ymportances of wild life are biological, economic cultural and aesthetic, etc, 

8. Enactment of wild life laws, species preservation, assemblage preservation, 
habit preservation, mass education, etc are the methods of conservation of wild 
life. 

9. Rhinoceroses, once flourishing animals, are projected conserved in 
jaldapara and garumara of west Bengal, 


10. Tigers, one of the majestic wild animal (Royal Bengal Tiger) are ptotectes 
and conserved in Sundarban of west Bengal. 


hse ———————— IIUI uU 
POLLUTION 


Syllabus: Pollution in reference to human being (Mention air, 
water and noise) 


Introduction : 
1032: Introduction Environmental pollution ; 


Now a days a major problem to allecologistsis anenvionmental 
pollution. The earth is a vast eco Systems wthin it. Each ecosystem 
components viz biotic and antibiotic (functional and structural) 
has its own which are in perfect balance. Green plants are the 
primary producer in every ecosystem and constitute the functional 
components. They take carbon dioxide and release oxygen during 
the process of photosynthesis and maintain eqrilibrium in the 
atmosphere. There are also other gases like sulphur dioxide, 
nitrogen oxide, ethylene, etc, in the atmosphere present in traces 
and are in a balanced proportion. Due to over population and 
large scale of industrialization there is an addition of extra amount 
of some components noted above which disturb the balance in 
the nature and pollute the atmosphere (air pollution). Similarly other 
factors also pollute water in ponds, lakes, rivers, etc (water pollution). 
Another type of important environmental pollution are very 
frequently observed, They are commonly known as noise or sound 
pollution. 

10:33. Definitions of Pollution : 

(1) The presence of externeous materials in a particular environ- 
ment in a concentration greater than the mormal is called pollution, 

(2) According to Odum (1771)—"Pollution is an undesirable 
change im the. physical, chemical, or biological characteristics of our 
air, land and water that may or will harmfully affect human life or 
that of desirable species, industrial Processes, living conditions, and 
cultural assets or that may or will waste or deteriorate our raw 
material resources,» 


_ 
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(3) According to Southwick (1977) Pollution may also bedefined 
simply as “the unfavourable alteration of our environment largely as a 
result of human activities’, 

Now-a-days a major problem to all ecologists is pollution : 


10:34. Origin of Pollution : 

According to different modern Scientists (Odum 1971, South- 
wick, 1976-78) the major causes of pollution are— 

(a) The increase in population. 

(b) Building up of cities and town in an unscientific way. 

(c) Using upof abundant natural resources and killing animals 
unscientifically. 

(d) Misuse of technological progress in different spheres. 

Effects of Pollution: The different effects which take place 
inside man due to pollutants are— 

(i) Occurence of typhoid, tuberculosis, cancer, nerve disease, 
etc, which affect human health. 

(ii) Economic loss and energy loss which results in the ulti- 
mate loss of wealth. 

(iii) Diminition of various natural substances useful to man in 
their day to day life. 


1035. Pollutants and their Classification : 


Substances which pollute the environment are called Pollutants. 
The Scientist Odum in the year 1971 divided pollutants into two 
major divisions—(1) Non-degradable pollutants and (2) Degradable- 
pollutants. 


(1) Non degradable Pollutants: Substances which do not 
degrade or degrade very slowly in the natural environment are 
designated as the non-degradable pollutants (substances) : 

Examples for this are—Mercurial salts, aluminium cans, steel, 
and long chain phenolic compounds, etc. The organic chemical 
substance DDT can degrade very slowly. 

(2) Degdradable Pollutants: Those pollutants that breaks 
rapidly are called degradable pollutants. The domestic Wastages. 
can be degraded by natural means or by the help of machines, 


10°78 A TEXT BOOK OF BIOLOGY 


Using proper methods the environment can be kept free from 
pollution. 


Examples—Some of the common degradable pollutants are :— 

(a) Smoke, smog, dust particles, coal tar, stored materials, etc, 

(b) Metals like iron, lead, zinc, etc, 

(c) Nitrogen oxide, Sulphuric acid, Hydrochloric acid like 
‘substances, etc.’ 

(d) Nitrogenoxide, carbon di-oxide, carbon monoxide, ammo- 
nia, sulphur di-oxide, etc. and other gaseous substances. 

(e) Fumaric acid, Acetic acid like organic acids. 

(f) Different insectisides, herbicides like poisonous substances 
—eg. DDT (Dichlorodiphenyl trichloroethane), 

(B) Different radioactive substances, high pitched noises, diffe- 
rent kinds of chemical fertilizers adds to the increase amount of 
pollution in the environment: 


10:36. AIR POLLUTION 


Introduction : When in the air the amount of harmful substances 
increase due to natural calamity or human activitiesthenthe air be- 
comes polluted. This polluted air is harmful to the living world 
(plants as well as animals) and this air may be widespread and 
cause harm to plants and animals of a larger area concerned. 

(a) Causes of air pollution : 

1. Smoke and smog : 

(a) Smoke is liberated as aresult of cooking, from automobiles 
‘and industries in which coal, kerosene, gasolene, petrol are burnt. 
Apart from these, smoke is given out from steam engine, aeroplanes 
‘to add to pollution of the environment. In industrial belts the 
different types of chemicals are contaminated with the smoke 
and form a dark cloudy appearance and is termed as smog. 

(b) The substances harmful to living beings and are present 

. "in the smoke liberated from automobiles and industries are— 
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sulphur dioxide, sulphites, benzopyrene, nitrogen oxide (NO,), 
, carbon monoxide (CO), sulphuric acid (H,SO,), nitric acid (HNO,), 
nitric «oxide (NO), hydrogen 
sulphide (H3S), etc. 

(c) Fine carbon particles 
dispersed in the air medium close 
the stomatal pores of plants and 
the process of photosynthesis and 
whereby normal growth of plants 
[Sae are affected. 

7 (d) Some poisonous materials 
in presence of sunlight form 


Temperature inversion 


photochemical smog which is 
further harmful to living orga- 
nisms. Carbon monoxide enters 
the body which mix with the 
Fig. 10:25 Comparison between haemoglobin of blood to lessen 
normal condition and those the amount of oxygen and cause 
Wen UE et health deteoration. Combustion 


A pollutants, disperse upwards B s 
pollutants gather below the inversion. of coal and petroleum yield 


oxide of sulphur which is another pollutant and this causes 
disease in the eyes,neck and lungs of man. 

2. Fog and dust : Fogand dust together form smog. The sulphur 
oxide (SO,) combine with oxygen to form sulphur trioxide (SO,), 
This SO, react with water to form sulphuric acid. Sulphur dioxide 
sulphuric acid and sulphurous acid (H,SO,) are all taken to be 
pollutants, With the burning of coal different gaseous substances 
like Clg and hydrogen chloride gas combine with the air. This 
polluted air is harmful to vegetation. These causes disease in the 


domestic animals such as tooth decay. 
Pollution may take place by the help of pollen grain and 


during pollination of plants. The amount of liberated pollen grains 
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when increase in the air allergy is caused. Parthenium plant is 
responsible for human allergy and various skin diseases, 


3. Automobile exhaust: One of the important cause.of air 
pollution is automobile exhaust contaminated with;: various 


E ex plants 
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Fig. 10:00 Pollution an a result of disturbance in balanced ecosystem. 


pollutants. About 60% of the air pollution is caused from the 
automobile exhaust. Automobile exhaust adds into the atmos- 
phere toxic substances like carbon monoxide, silicon tetra- 
chloride, nitrogen oxide and hydro carbon like gases, Burning 
of petrol causes liberation of hydrocarbon like substances which 
are quite harmfal. These type of hydrocarbon like substances 
along with nitric oxide form the photochemical smog. Nitric 
oxide gives out a irritating bad smell which causes respiratory (lung) 
diseases, Due to incomplete burning of nitric oxide from 
hydrocarbon, in the human lungs benzopyrine is liberated which 
causes the fatal disease cancer, When carbon monoxide (CO) 
Present in the atmosphere mix with blood haemoglobin, the normal 
oxygen transport capacity is lessened, Other harmful toxic 


P 
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substances are. peroxy-acetal nitrate (PAN) and lead. PAN acts 
as a barrier to the mechanism of photosynthesis in plants. Due 
to the presence of mist in the atmosphere light is more reflected, 
so the capacity of one’s normal vision lessens. The following 
reaction depicts how photo chemical smog occurs. 


z *»Uv—radiation 
Nitrogen oxides-- Hydrocarbons——-———> Peroxyacetal nitrate 
sunlight 


(PAN) and ozone (O3) 
x» Ujv ultra violet rays 


4. Insecticides and Herbicides + Now-a-days a huge amount of 
chemical substances are used to destroy the insects and pests. DDT 
(Dichloro diphenyl trichloroethane) and other chlorine containing 
hydrocarbons are two common substances used. These on one hand 


helps us and on the other hand creates pollution, These insecticides 
and pesticides used are carried by irrigation water or by rain water 
to the nearby rivers, streams, ponds, etc, and causes water pollution 
in a large scale. Use of DDT has other harmful side effects other 
than that mentioned above. 


The chemical substances used to resist growth of weeds and 
other unnecessary plants are called herbicides such as 2-4-D 
(Dichloro phenoxy acetic acid). “These also adds to the air 
pollution. 2,4.5,T (chlorinated phenoxy acetic acid) is also 
harmful, This cause skin disease in man. 


5, Radio active elements: Radio active elements such as 
Uranium235, Radium??^, Barium'*9, Sulphur??, Phosphorus? * 
Carbon?*, Hydrogen? (Tritium), etc, are now being used in 
research works as wellas in medical science. After their use, the 
residues are not always disposed off with care, A tremendous 
amount of radio active elements such as Strontium*?, Cobalt^?, 
Cesium**®, etc. are released after nuclear explosion. All these 
radio active elements pollute environment. Radio active pollution 
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results in deleterius mutations, metabolic disorders, structural 
deformities, etc. of organisms ;. thereby, radio-active particles 


cause harm to men. 


(b) | Different disease caused by air 
pollution : Some of the major diseases 
are Pneumoconiosis, Silicosis and 
Asbestosis (generally seen among 
persons who fitted pipes) Black 
lung disease occurs among coal miners 
who breathe in coal dust continuously. 

, Symptoms— : | 
(i) Tissue of lungs destroyed and its 


Fig, 1027. Deformity ums rate of action lessens. 


to radioactivity. j (ii) Oxygen transport capacity in 
blood lessens, ^: 

Qi) "Trouble in respiration and headache is caused. 

The other diseases caused as a result of air pollution are : 

"(iv) Bronchitis, (v) Asthma, (vi) different allergy, (vii) lung 
cancer, (viii) tuberculosis, (ix) typhoid, etc. 

Itis seen that some plants attacked upon by the sulphur 
dioxide, chloride like substances and smog does not grow properly. 
The. leaves fall off... 

(c) Control measures sof Air pollution : : The different control 
measures of air pollution are stated below. 

1- To resist the contamination of pollutants into the air by 
suitable means, To arrange means for keeping the polluted air 
confined. to a specific area and transferance of this air to a place 
for purification later on. 

‘2. To lessen the amount of different air pollutants, eg. smoke 
from coal is harmful. So, this can be avoided by usage of electric 
laden automobiles and natural gases. 

` 8. To practice afforestation to lessen air pollution. That is 
why it isnecessary for us to plant trees around us and other 
industrial belts, 
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4, To make laws in order to stop air pollution. This law is 
to be worked jon: every where. 

5. In order to separate dust particles and smoke. from air 
electrostatic. precipitate is to be used, Apart from this with the 
help of Scrubber, NH, (ammonia) and SO, (sulphur dioxide) can 
be removed. 

6. To use lesser amount of insecticides and practice biological 
control system, eg. lady bird beetle and culture of Leswing. 

7. Methods. are to be applied to absorb the harmful chemical 
substances by other substance. 

8. To keep adequate amount of filter system in industries, 

9. Each vehicle, like bus,lorry should have their individual 
air purifier machine in order to purify the air coming out. 

10, To employ the method of crop rotation in the agricultural 
fields, 

11. To built industries far away from human habitation. 


1037. WATER POLLUTION 

Water is life and without it no one can live. Water is 
necessary in industries, agricultural fields, pisciculture, etc, 
Man receives necessary amount of water from rivers, Streams, 
ponds, lakes, etc. Now a days we find the different forms of water 
being polluted by chemicals, domestic and industrial sewage. 

Water pollution may be considered. from the _ following 
aspects : T : 

(a) Sewage pollution of rivers, which. includes MED. wastes, 
human faecal matter, particular dissolved organic wastes and in- 
organic salts of sodidum, potassium, etc, and fertilizers used in. 
agriculture (DDD, DDT, 2-4-D, etc). Water mixed up with 
chemical substances like cyanide, phenol,” ammonia, etc. also 
cause pollution of rivers. 20113 26 x5t8n PUT 
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Industrial pollution of water caused by heavy metals like 
lead, copper, zinc, mercury, etc. 

(b) A body of water toxicated by toxic chemical substances, 
excluding all living forms (Southwick, 1976). 

According to Wilbur (1969) all the chemicals of industrial 
waste are poisonous to animals and may cause lethal or sublethal 
effect. ; 

Causes of water pollution: The different reasons for water 
pollution are stated below — 

l1: Different wastes from industries fall on rivers and .seas, 
thus increasing the amount of pollutants. This is harmful and 


Fig: 10°28 Industrial Pollution. 
troublesome to both man and aquatic’ animals, some aquatic 
plants also face death, Due to the presence of dirts and wastes: 
in water the number of free floating plants (phytoplankton) 


increases and the amount of water diffused oxygen decreases. As 


the phytoplanktons decay easily the amount of oxygen lessens. 
Thus, the aquatic fishes die. R 

2. Paper, jute, sugar, steel and fertilizer industries and petro 
chemical complexes throw out their unused products which being 
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rich in pollutants enter the water bodies to pollute the water. 
The pollutants are mainly of heavy metals, cyanide, lead, copper, 
zinc, mercury, etc... Sometimes, hot water after falling on river or 
different water reservoirs also causes pollution whereby ecosystem 
is affected by. it. 

3. The fertilizers used in agriculture, also causes water 
pollution when they are carried by rain water or irrigational 
water to the other water sources, Water mixed up with chemical 
substances like cyanide, phenol, ammonia, etc. after falling on river 
causes pollution. DDT and other chemical substances pollute 
water considerably. : 

4. From the atomic reactor radio active waste substances are 
thrown in the sea. Due to its high temperature oxygen content of 
the sea water decreases. This causes trouble to all aquatic plants 
and animals, These substances cause trouble in performing meta- 
bolic activities in different sea. animals. These radio active 
substances are also poisonous for the human body, causing fatal 
disease like cancer, 

5. Pond, stream, river, lake, etc. where men bath and 
wash clothes, the cattles are also bathed. This water becomes 
dense, smelly and unsuitable for drinking purposes. As a result. 
different diseases like typhoid, cholera, dysentry, hepatitis, etc. 
occur. ; 

The misuse of oxygen depends onthe presence of microorgańisms 
and temperature in water. The water pollutants comprises mainly 
of nitrates and phosphtes orginating in domestic sewage, packing 
plants, wasted remains of animal fodder, etc. help in rapid growth’ 
of microorganism which in turn increases the biological oxygen 
demand (BOD) of wster, thus reducing the percentage of 
dissolved O, in water, Thus O, consumption -will exceed 'O, 

production resulting in an anaerobic condition, causing elimination 

of fishes and most other aquatic animals. 

6. Another reason for water pollution is the ‘detergent effect 
noticed due to washing of clothes. Sulphates,nitrates and chlorides 
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acts as pollutants. Soap like substances act as food to increase the 
number of microorganisms. 

107, The weeds growing on water are also responsible for water 
pollution. Their increase caüses harm to fishes. The water can 
not be used for drinking purpose. Eis 

8. The oil which comes out from the ship into the water also 
causes water pollution, 

9, Rain water washed waste substances sometimes bears heavy 

metals like arsenic, antimony, chromium, copper, cobalt, lead, etc. 

- Those metals enter the human body through drinking water, 

creating disorder in the growth and metabolic functions of the 

body. Sometimes these Substances prove fatal to men. | 


Some chemical indicators of water Pollution : 


ES] 


| () When dissolved oxygen in water is less than 5 mg/litre then 
the water is said to be polluted. 

(ii) When the amount of albuminoid ammonia in water 
is about 0*1 mg/litre then we know that pollution has taken place. 
is (ili) When the amount of chloride in common water is more 
than 200mg/litre, the water is said to be polluted. 


j 


Control measure:of water pollution :. 


(a) To resist the flow of chemical substances from industries 
to the other water sources. 
(b) The pollutants are to be purified before they fall into the 
river or sea through drains and pipes. 5 
(c) :Oil laden ships'should not eject oil to the water. 
(d) To take care of the sewage System. 
^ ()scThe drinking water should only be taken after boiling oF 
by filtering it, o i 
(f) Dissolve | adequate amount of chlorine. like substances ® 
drinking water before using it for drinking purpose. 
R 10:37 -Ganges Pollution ¢ 


"Majority of the to 
directly or indirectly 
has been polluted toda 


fal population of our country depends 
upon the Ganges. The sacred o 
y. In the year 1985 February, a pond 


ECO-SYSTEM, CON3BRVATION AND POLLUTION 10:87 


called Central Ganga Authority (C.G.A.) had ‘been set up to resist 
furtherpollution of the Ganges, Dapositionof sedimentsis itsanother 
problem which has decreased its depth. In some areas. the oxygen 
content per litre is found to be 4 mg/litre. 

(a) Reasons for the pollution of Ganges has been stated below : 

(1) The industries located near the Ganges throw out their 
toxicated water and waste materials rich in lead, mercury, cyanide, 
phenol, ammonia, etc. as pollutants. 

(2) Sewage water and other dirty water fall on to the Ganges, 
which includes human faecal matter, animal wastes, etc. 2d 

(3) Dead plants and “animals “are “thrown in 
Ganges. Washing of clothes, throwing of domestic sewage, ibis 
of cattles all pollute the ganges water. Pathogenic organisms. also 
adds to this pollution. Hane, 

(4) . On the bank of this sacred river many. temples ipti been 
erected. Worshippers come from far and near to offer. their 
prayer and flowers to God. These flowers are Tarter on thrown on 
to the Ganges, where by water pollution occur. ^ 

(5) The banks being eroded rapidly to increase thé oid of 
sediments. ~ 


1! 


(6)' The depth of river Ganges s decreasing. ^ ^ — "^ 
(7) The fertilisers, pesticides and insécticides (DDT, 2-4-D) 
used in agricultural fields also’ pollute the water. Due to this the 
percentage of oxygen in water is getting decreased. OC Fe 
(b) How to resist the pollution of Ganges : : 


(1) It is necessary to purify the waste materials that. re carried 
by the drain water or pipes to the Ganges ie establishment of 
sewarage treatment plant. - 

(2) Prohibit throwing dead orn into the Qon yaek E 

(3) To erect oxygen tanks. 

O (4) To'purify the water laden vit poss which come 
from industries, before they fall into the 8. 

(5) To resist "we vit ‘and erosion of the bear of this 
fiver. te 'r ats aoitsisqoq to oE DUM SN 


ibat 
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(6) To resistthe flowof mineral oils from the ships. 

(7) Establishment of low cost sanitation method, 

(8) To improve the present condition of drainage system and 
pumping stations. 

(9) Those living organisms which have decreased in number due 
to pollution should be replaced. 


(10) To establish modern system to determine the standard of 


Ganges water. 

(11) To remove aquatic weeds and take care to contr 
further growth. 

(12) The pipe for drinking water should not contain holes or 
cracks for dirty water to enter it. 


At Hardwar, Banaras, Calcutta, etc proper arrangements afe 
being made, to resist the pollution of our sacred river. 


ol their 


10:38 Thermal pollution : 

Many industrial process cause thermal pollution by discharging 
heat usually in the form of hot water into the environment. Such 
industries do not consume much water but utilize a considerable 
amount of water for cooling purpose and return to the same to 
the stream at a higher temperature. High temparature can exert 
an injurious effect.on the biotic communities in an aquatic habit. 
Certain animals are killed immediately by extremely hot water, 
comparatively less hot water may exert harmful effect other than 
killing. For example, a bacterial disease of salmon in some river 
is considered to be influenced by a slight rise of water temperature. 


1039. NOISE POLLUTION 


We experience different kinds of noise in our surrounding. of 
all these we can bear only certain noises. Noise of higher 
intensity causes harm to men, Due to the increase in the number of 
industries and the rate of population, the number of vehicles are 
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also increasing. Thus the high intensity sound from industries and 
vehicles accompanied byloud volume of radio, television, mike, 
etc. has made life miserable. Hence noise pollution means unwanted 
sound dumped into the environment. Noise pollutioneffects the human 
sense organs and cardiovascular nervous systems. 


The major sources of noise pollution : 


(1) The irritating loud sound made by several industries. 
(2) The sound of electronic horns made by the vehicles, air 


crafts, etc. 
(3) Playing of radio, mike, television in a high volume, 


e set 


Weal 


Fig. 10:29. Noise Pollution. 
They may disturb our psychological balance. 


Effects of noise pollution 2 wr MS 
(i) Man can turn deaf as. aresult of being subjected to 
unpleasant peculiar noises. i l 


(i) Trouble in carying out conversation with other people. a 
(iii) Trouble in sleep, anxiety and nervous breakdown occurs 


paste 


y£ 


in some cases. 
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sliv) Blood pressure rate increase with the increase in heart rate. 
Symptoms. like heart trouble, headache, physical weakness, etc, 
are. noticed, 


(v). Cholesterol level in blood may increase resulting in high 
blood pressure. 
(vi) Peculiar shrill sounds or loud pitched sounds may turn a 
person into a mental patient as well as deaf. 
Control measures of noise pollution : 


It is neccssary to seek out plans to control the noise pollution. 
The steps that can be taken are as follows— 

(a) Man should carry out his moral duties properly as;a 
good citizen. 

(b) To resist the sound coming from different sources by 
Using sound resistive machines and to keep separately those 
machines from which high sound comes ;listeningto the radio, T.V., 
mike, etc. by keeping their volume as low as possible. 

(c) If possible a sound absorbing wall is to be constructed. 

(d) Use of ear plug by the workers of industries where high 
pitched sound is made. Use of such horns from which low sound 
comes. To lower the speed as well as sound of horns of vehicles 
near the schools and hospital, and not to use horns without 
necessity. 

(e) Not to construct industries . where human population- 
dense. 


(f Toenact laws in order to stop or control this kind of 
pollution, 


10:40. Land Pollution : 


Factors responsible for land pollution are imprcper use of 
land by setting up cities and towns in an unplanned Way. 
Disposal of burnt coal rasidues, ashes, crop residue, garbages; 

. rubbish including agricultural manures, dead plants and animal 
remains, building demolition, industrial waste add into the 
number of pollutants. Insecticides and herbicides like DDT, BHC, 


i 
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2-4-D, 2-4 5T ultimately fall on the soil after use, : The. above 
non-degradable elements which severely. polluted the ecosystem and 
bea factor of the food chain. By all those ways as mentioned 
above land is polluted. 

To remove the household wastes of daily life, such as ash; 
vegetable-skin,-fish's scale, spoiled cotton goods etc; becomes ‘a 
great problenr to- the urban administrators... These wastes are 
collectively solid wastes. In India the solid wastes produced per day 
of urban areas amounts to 15 million tones, The amount of such 
wastes in the entire country is, however far more as the total 
population of rural areas is five times to that of towns and cities. 
Oaly in Calcutta, the solid wastes amounts to about 22 thousand 
tons per day. 


10'41. Controls of pollution ¢ 


.- Pollution is an unwanted evil which endangers the existence of 
organisms by disturbing the balance of nature. The following 
measures may by adopted to control pollution. 

(1) Industries should be decentralized to keep the air fresh. 

(2) Factories should by provided with appropriate filters to 
check the outgoing of wastes ; these wastes must be refined for 
further utilization. i 

(3) Factory wastes should not by aij pi off into He streams 
to keep the water fresh . * 

(4) Sewage system should be perfect. 

(5) Solid wastes should be utilized in the manufacture of com- 
post manure. 

(6) Hot water offactories should not be channelized direct 
into thé rivers. ` 2 1 

(7) Depth of rivers shoüld not be reduced. 

(8) Radioactive residues must be disposed. off properly with 
caution. ` 3 

(9) Insecticides should not be used at random, - 

“Cronin (1971) has emphasized thë recyclitig OF ases As an 


important measure to c trol pollution. n 


do E01 gis 
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10:42. Ecology and Man. 

Human civilization has been influenced by the environment, 
Hence, all the laws of ecology are applicable to man. 

In ancient days man lived in the forest. ^A piece of stone was 
his only arm for securing food. In course of time, as man learned 
toset fire, he became aware of natural resources, The use of 
natural resources by man is gradually increasing. The principal 
factors of ecology should be knownto enjoy the gifts of nature. The 
prosperity, pleasureand health 
of human beings are actually 
dependent on the knowledge 
of ecology. . However, the 
factors of environment some- 
times act in such a way that 
the human civilization is 
disturbed. These disturbances 
mainly result’ form natural 
calamities (earthquake, 
volcanic ^ eruption ec 
disease and environmental 
pollution. Proper knowledge 
in environmental biology 
(ecology) is the only way to 
overcome these disturbances. 

The infectious diseases are 
most harmful, Once Cholera, 
small pox, typhoid, dysentry, 
tuberculosis, diptheria, teta- 
nus, pneumonia, <tc. we 
beyond control. These dis- 


LISS olm 
RNIN eases have now become easy 
Fig 10'30. A natural ecosystem, to control through conser- 


; : = : ist 
vation of environment. At present the primary aim is to ire 
environmental pollution, With the progress of civilization, ‘f° 


factors of environment vig, air, soil and water are being polluted 
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by increasing number of factories. Such a pollution may elicit 


new diseases. Most of the lung diseases are now considered to be 
due to air pollution. 


Another destructive aspect of pollution is the atomic radiation 
and its harmful effect become evident only after the atomic explo- 
sion in Japan. As man is gradually becoming dependent on nuclear 
power, the possibility of its harmful effect on the organisms is also 
increasing. The only way to save the civilization from the above 
eventualities is to organise public opinion against those endeavours 
and to apply the various laws of ecology. 


SUMMARY 


Pollution is the presence of externeous materials in a particular environment 
in a concentration greater than the normal, Due to over population and large 
scale of industrialization there is an addition of extra amount of some compo- 
nents like sulphur dioxide, nitrogen oxide, ethylene, etc. which dirturb the 
balance in the nature and pollute the atmosphere. By means of air pollution 
different diseases like bronchitis, asthma, tuberculosis. lungs cancer, etc. are 
caused. Now.a-days different forms of water also being polluted by chemical, 
domestic and industrial sewage. The sacred river Ganges has been polluted 
today. Dueto the increase in the number of industries and the rate of popula- 
tion. the number of vehicles are also inereasing, whieh causes harm to men by 
making noise of higher intensity. Peculiar shrill sounds orloud pitched sounds 
effects the human sense organs and cardiovascular systems, etc. 


THINGS TO REMEMBER 


1. Pollution is the udfavourable alternation of our environment as a result 
of the activities of human. 

2. Over population, large scale of industrialization, unplanned urbanization 
and deforestation, etc. may cause of pollution. 

3. Smoke, tar, dust, sulphur dioxide, carbon dioxide, carbon monoxide, 
nitrogen oxide, ammonia, hydrogen flourides, aldehydes, detergents and metal 
like lead, zinc, iron, etc. and herbicides, insecticides, etc. are act as pollutants, 

4. Pollutantsare two basictypes ie, degradable and non-degradable. 


5. Air pollution, Water pollution, Thermal pollution, Land pollution, 
Noise pollution, etc. are different types of pollution. 


. 6. Sources of air pollution are—carbon particles, smoke, dust, resins, tars, 
nitrates, sulphates, halogens, etc. i j 
7. The different disease caused by air Pollution are—Trouble in respiration, 


headache, bronchitis, asthma, different alergy, lung cancer, tuberculosis, typhoid 
pneumoconiosis, silicosis and asbestosis, black lung disease, etc. 


8. Water pollution occurs by chemicals, domestic and industrial sewage by, 
means of fertilisers, and detergents, etc. WIRES TUE 


n J H uit 
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9. "Noise pollution means unwanted sound dumped into the environments 
which effects the human sense organs, cardiovascular systems, etc. 


10. Noise pollution can be controlled by resisting the sound coming ‘from 
different sources by using sound resistive machines, listening to the radio, T. V. 
mike, etc. with low voluitie, use of ear plug, etc. 


o Graded Exercise @ 


A. Long answer type : 

1, What is ecosystem? Give an account of abiotic and biotic factors of an 

ecosystem. Describe various components of an ecosystem ? 
“2. Describe the ecosystem of a pond. 

3, Give an account of the energy flow within an ecosystem. 

4. What do you mean by food pyramid and biotic pyramid ? 

5. Whatis conservation ? Write about the conservation of forest, 

6. Describe the different methods for the conservation of the soil, 

7., What is conservation ? Write briefly about the conservation of soil. 

8. Describe the different methods of forest conservatton, 

9, What is water conservation ? Discuss the methods of water conservation" 


10. What do you mean by wild life conservation ? What are the measures taken 
for wlld life conservation in India, 


1t. What is Rhinoceros project ? What are the aims of such project 2 
42. What do you mean reserve Forest, Sanctuary and National park? . Name 
some of them that present in different parts of India, 
13; What is pollution ? What are its importances in ecosystem ? How pollution 
can be controlled ? 
14. What is air pollution ? Name different factors which cause air pollution. 
15. Describe the causes and control of water pollution. 
16. What you know the reasons for the pollution of Ganges. 
17. Describe the several methods adopted to resist the pollution of Ganges. 
18. What is noise pollution ? What are the major soülices of noise pollution. 
19. What are the bad effects and control of sound pollution ? 
B. Short answer type :. 
Name the components of ecosystem, 
Give a brief account of ecologica] succession. 
What are tlie laws of energy transfer ? tenb 
What do you mean by biosphere ecology and ecosystem ? 
What are decomposers in ecosystem ? State their role in ecosystem ? 
What do you mean by food chain and food web ? 
What do you mean by phytoplankton, zooplankton and piankin w 
` What is ecological niche and ecological pyramids ? 
3, Write definition of conservation ? Who proposed it and in which year ? 
; . Write w what you know about the conservation of water ? 
| Write in brief about the Conservation of forest. - 
- How does erosion cause damage and how can it be checked? (IEE 1982) 
What are the aims of conservation 1 
Mention two methods of soil conservation ? 
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34. Mention tbc aims of forest conservation. 

35, What do you mean by sanctuary T i 

36. Define pollution ? Mention the different types of pollutions. 
37. What do you mean by pollutants ? Classify them, T 
38. How air is polluted? Name the factors causing air pollution. 


@ Public Examination Questions from this Chapter o 


A. Ecosystems: Long answer type 3 
1. What is ecosystem ? State the components of any ecosystem. | (H,.S.'79),, 


2, What is an ecosystem ? Name the biotic factors of a pond ecOsystem. 
How these biotic factors are related with each other ? Discuss the energy ima 
pond ecosystem, (VJ. E. E. "79). 


3. What do you mean by consumers and producers ? What is the relationship 
between them ? Mention the harmful effects of disturbing the natural balance. 
Define Biosphere. : (H. S. '81). 


^ How does a stable climax community come into existence in a hypothe- 
tical unexplored region ? Discuss in short the interdependence between different 
nutriona! groups in an ecosystem, W. E. E. '81). 


5. Write briefly what you kaow about energy flow in the ecosystem. 
ü (H. S. '82). 


6. . What are food chains and food webs 2 Explain the various type of food 
chains that are found in stable ecological system. | Q. E. E, '82). 


7. Describe an ecosystem of a pond. (H: S. '83). 


8. What is ecology ? What are the different components of an ecosystem’? 
Write a brief note on the energy flow in ecosystem. (Tri. H. S. '83). 


9. () Name the components of any Ecosystem, (ii) what is the nature of 
energy flow in ecosystem ? trie (J. E. E. '83). 


l 


10. Draw a food chain with respect to energy flow in a community formed of 
the organism named below : i 


(a) Hawk; (b) grasshopper į (c) grass ; (d) snake ; (e) toad. ^ (7ri. H, S, 84), 
ll. Citing examples explain how the energy flow is maintained in ecosystem, 
What are meant by Producers, consumers What are food chain and sees ? 
3 t 5). 
12.. What is ecosystem ? Briefly describe the various components aeri. : 
13. Whatare the important components of Ecosystem ? Draw a food pyramid 


and determine its relation with energy flow. (Tri. H. S.'85). 

14. Describe the ecosystem of a pond, ` ` (Tri. H. S. '86). (H. S. '87). 

15, Defineecology. What are the components of ecosystem ? Describe we 
structure of any one type of ecosystem. Duns (H.S AT o, 

16. What do you mean by 6 steps food chain ctcrn.ine ine the relation - 
between food chain with that of energy flow. aaa ida (EEG, Hb. S. 87). 


* Short answer and other types s Bef GES Ww x 

ati rar do you mean by food chain? ' Give an examp Eu k RS, 9). 
18. State the difference between phytoplankton and zooplankton. | A S."80. - 
19. What are plankton and benthos ? s n worse drii (AS. "80. 
20. Distinguish between biosphere and biomass. =" (HS. EOS 
21. What is the source of energy following through the ecosystem ? (H-S. "81). 


22. Snake, dragon fly, toad and grass—atrange them ac to the levels of 
a food chain’ "°°" fiy toad nad ge NOU _ GES, 83. 
3 D. Es : = 
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23. What do you understand by ecological pyramid. (J. E. E. '84). 
24. Describe food chain. (Tri. H. S. '85). 
25. What is food pyramid ? (H. S. '86) 


à B. Conservation s Long answer type: 
"* 1. What is the utility of animal conservation ? Describe how wild animals 
are conserved ? (H. S, 19). 
2, How do you conserve soil ? (A, S, '80). 
3. What is your opinion regarding the importance of conservation or forest 
wealth and wild life ? State briefly how their conservation is possible. (H, S, '82). 
4. What do you mean by‘conservation’? What are the utilities of conservation 
of forest and wild life ? what are the results of disturbing the natural SES 


Short answer and other types > 


5. ‘Why should soil be conserved ? (Tri, H, S, '83). 
6. Write the names of two wild life sanctuaries ? (H, S, '84). 
7. How can erosion of soil be checked ? (J. E, E, '84). 
$. Describe the importance of wild life conservation. (J, E, E, '85) 


C. Pollution; Long answer type $ 


1. Whatis pollution of environment ? Mention in how many ways environ. 
ment get polluted. What are their remedies ? (J, E, E, '80). 
2. What is pollution ? How are air and water polluted ?' what are their 
remedies ? (H, S, "81)- 
3. How the environment becomes polluted? How can pollution be 
controlled ? (Tri, H, S, 83). 
; How wa d ai i i i asures. 

4; How water and air are polluted? Write their remedial meas CH. S, "80. 

5. What ls pollution of environment ? what are the principal pollutants that 
are responsible for Ganges water pollution ? (J, E, E, 85 


f n : 2 ? 
6. How plants helps from air pollution and conservation of eris H,S,'89- 
7. What is pollution ? How does environment get polluted ? write m 
remedies for water pollution. (H, S, '86)- 


8, What is pollution ? Write the causes and remedies of air pollution: $.*87. 


9. How water and air polluted ? Write their medial measures. (H. $; 87). 


3 i E s i d 
10. What is pollution ? Mention the nnmes of different agents of pollution an 
states in which plant they act. (J, E, E, '87). 


11.(a) Nametwo very low cost metbodsa common man can adopt to keep 
the river Ganga clean. 


(b) How can noise pollution be effectively controlled ? (J, E, E, '8), 
Short answer and other type $ 
into 


12. Occasionally undiserable loud sound being—borne, entering n 
human—creates diseases like deafness, cardiac and nervous disorder, high jo 
pressure etc. (water/air/nostril/ear) (H, 8, ; 

13. Name the various in and aroun 

types of pollutants that are fouud ! Ge, E, 82) 


. Calcutta. "Ennumerate the various effects of pollution. S, 84) 
- 14, What do you mean by industrial pollution. CB S 83). 
15. Write noe? environmental pollution. t Md 


nee — 


West Bengal Council of H. S. Examination —1988 
Biological Sciences 
First Paper 


l. Answer any ten of the following : 

(a) Name the four bases of RNA. (b) Name the two glands 
wherefrom androgen and oestrogen are being secreted respectively. 
(c) What is action spectrum of photosynthesis? (d) State any 
two distinguishing features between lysozome and ribozome. (e) What 
type of tissue is phloem and what is its function? (f) Who 
proposed binomial nomenclature ? (g) What is symbiotic nutrition ? 
(Al) Name two vitamins of which one is fat soluble and the other is 
water soluble. (i) What are the two major significances of meiotic 
cell division? (j) What is food pyramid ? JK) What is interphase 
stage? (/) What do you understand by double fertilization ? 

27 Define evolution. Describe briefly about the embryological 
and palaeontological evidences in support of organic evolution. 

3. Describe the dihybrid cross experiment of Mendel and 
explain the laws as proposed by Mendel. 

Or, What do you understand by conservation ? What is the 
necessity of soil and forest conservation? In which places of 
West Bengal and Assam conservation of Rhinoceros is arranged ? 

4. What do you understand by the term taxonomy? Give a 
brief idea about the principle and basis of classification, 

Or, Whatis pollution ? Write about the causes and remedies, 
one for each, of air, water and noise pollution. 

5. - What do you understand by ‘Life’? How: biology is related 
to other sciences ? 

Or, Discuss the role of biological sciences in the progress of 
agriculture, medical science and space research. 

6. What is growth? What are the factors controlling growth 


of plants and animals ? What is grand period of growth of plants ? 
Or, What is the main difference between the movement of plants 


and animals. Describe briefly about the movement of an acquatic 
and an aerial animal. | 
Bio. (IOR)—7 


[ii] 
7. What do you mean by the terms consumer and producer ? 
What is the relation between them ? What is food-chain ? 
Or, Whatisauxin? Explain its role in agriculture and growth. 


8. Describe the morphology of chromosome. What are the 
different constituents of chromosome ? 


Or, Draw the diagrams of a prokaryotic plant cell and an. 
eukaryotic animal cell and label the different parts of cach. 

9. Answer any three of the following : 

(a) What is holozoic nutriton? (b) What is Lamarckism ? 


(c) What is vital capacity ? (d) What is the qe of humidity in 
transpiration ? 


Or, Distinguish between any three of the following : 


(a) Parenchyma tissue and sclerenchyma tissue : (b) Lipoprotein 


and glycoprotein ; (c) Nyctinasty and seismonasty : (d) Nephridis 
and Nephron. 


———— 


West Bengal Council of H. S. Examination, 1989 
Biological Sciences 


First Paper 


1. Answer any fen of the following : 

(e) What is anisogamy ?. Give example. (b) What is occipital 
condyle? Where is it,found? (c) What is saprozoic nutrition ? 
(d) What is the full name of IAA? Write one main function of it. 
(€) Draw a labelled sketch of an acrocentric chromosome. (f) Who 
proposed the term taxonomy ?- (g) What is open collateral vascular 
bundle? Give example. (/) Name the two sanctuaries meant for 
conservatiort of rhinoceros, (i) What are full names of FSH and LH ? 
(j What kind of vitamin is folic acid ? State one function of it. 
(k) What is calcanium ? Where is it found ? (/) What is phenotype ? 


2. What do you mean by respiration ? In which locations of 
cell it occurs ? Distinguish between external and internal respiration. 
Describe briefly the glycolysis process. 

3. What type of tissue is blood ? What are the components of 
blood ? State the differences between haemoglobin and haemocyanin. 

Or, What is definition of mascular tissue? Describe briefly 


the characteristic features of different types of mascular tissues 
their functions, j 


4. Describe briefly about any four characteristic features of the 
living organisms. Discuss about the interdependence of plants and 
animals. 

Or, "Discuss briefly about the role of biological sciences in 
industries, in control of environment pollution, in exploration of 
natural oil and in protection of forest wealth. 

5. Describe the process of mitotic cell division with the help of 
sketches (labelled). Mention any ‘wo significances of this type of 
cell division. 

Or, Why meiosis is called reduction division ? Where and when 
the meiosis occurs? Name all the phases and sub-phases of this 
type of cell division and explain the significances of this type of celi 


division, 
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6. What is the definition of transpiration? State one internal 
and one external factor each controls the transpiration. Explain 
the process of transpiration with the help of an experiment. 

Or, What is auxin? Explain the role of auxin in phototropic 
and geotropic movements. 


7. What is excretion ? Describe the excretion process of an 
invertebrate animal and name any one of the everetory products of 
animal. ! : 

Or, What is the definition of circulation? Describe the circu- 
latory System of cockroach and earthworm. 


8. Whatisthe definition of photosynthesis Y Describe briefly 
the two phases of this process. 

Or, Write the definition of reproduction. Write the differences 
between asexual and sexual reproduction in alternation of generation ? 


9. Write the answer of any three of rhe following : 

(à) What is ihe function of dictyosome ? !(B) What is 
pyrometer ? What is its function ? (c) What is the full name of 
TSH and iis coe Mui What “is aei stipule? Give 
example. ^ 

Or, State the differences between ahy three of the following : 

(d) Macro-element and Micró-element (5b) Xylem and Phloem 
(c) aromon and Leucoplast (d) Epor and Hetetozygote. 


